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ABSTRACT 


CONTROL  SYSTEM  DESIGN  FOR  AN  UNMANNED,  UNTETHERED 
UNDERWATER  VEHICLE 

by 

JAMES  HENRY  GILLARD 
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on  May  7,  1982  in  partial  fulfillment  of  the 
requirements  for  the  Degree  of  Ocean  Engineer 
and  the  Degree  of  Master  of  Science  in  Naval 
Architecture  and  Marine  Engineering. 

ABSTRACT 


A  procedure  for  the  control  system  design  for  a  small 
unmanned,  untethered,  underwater  vehicle  was  specified.  The 
early  phases  of  this  design  procedure  were  performed  for  the 
vehicle.  The  linear  equations  of  motion  for  small 
perturbations  about  an  equilibrium  condition  uere  developed, 
and  the  values  of  the  hydrodynamic  coefficients  were 
determined.  After  the  transfer  functions  were  developed  to 
relate  the  vehicle  motion  in  each  of  the  six  degrees  of 
freedom  to  small  deflections  of  the  rudder  or  stern  planes, 
computer  programs  were  written  to  determine  the  poles  and 
zeros  of  the  transfer  functions.  The  vehicle  s  response  in 
the  time  domain  to  one  degree  deflections  of  the  rudder  and 
stern  planes  was  determined  and  plotted.  The  vehicle's 
response  indicated  that  the  vehicle  was  stable  and  that  the 
size  of  the  control  surfaces  could  be  reduced  to  minimize 
drag  while  maintaining  vehicle  stability.  The  nonlinear 
equations  representing  the  vehicle's  motion  in  six  degrees 
of  freedom  were  incorporated  into  a  computer  model  of  the 
vehicle.  The  outputs  of  this  model  (  linear  and  angular 
velocities  in  six  degrees  of  freedom  )  are  the  state 
variables  which  will  be  needed  during  later  phases  of  the 
control  system  design.   modern  control  theory. 
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Chapter  I 
INTRODUCTION 


The  potential  uses  for  a  small  unmanned,  untethered 
submersible  vehicle  (  SUUV)  are  numerous.  One  of  the  key 
systems  in  the  design  of  such  a  vehicle  is  the  control 
system,  uhich  must  be  able  to  control  the  vehicle: 

1.  during  transit   to  and   from  the   vehicle's  operating 
location  and  depth; 

2.  while  the  SUUV  performs  its  mission  on  location;  and 

3.  during   some   emergencies   for   uhich   pre-programmed 
corrective  action  has  been  specified. 

In  order  to  perform  these  functions,  the  SUUV's  control 
system  must  be  able  to  accept  pre-programmed  information 
concerning  course,  distance  and  operating  depths  as  well  as 
real  time  inputs  from  various  onboard  sensors.  The  output 
from  the  control  system  is  used  to  control  the  rudder  and 
horizontal  control  surfaces  and  ballast  control  system  to 
cause  the  SUUV  to  carry  out  its  programmed  assignments. 

The  length  of  the  mission  which  the  SUUV  will  be  able  to 
perform  will  be  dependent  on  the  amount  of  energy  which  can 
be  installed  and  the  rate  at  which  the  available  enerc-y  is 
consumed.  Therefore,  the  control  system  should  be  optimised 
such  that   the  SUUV   expends  the   smallest  amount   of  energy 
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while  it  performs  its  mission.  Designing  the  control  system 
to  minimise  the  overall  vehicle  consumption  of  energy 
requires  that  different  solutions  to  the  control  system 
design  problem  be  evaluated  in  terms  of  energy  consumption. 
For  example,  the  size  of  the  vertical  and  horizontal  control 
surfaces  could  be  made  large  enough  to  provide  straight  line 
stability  of  the  vehicle  uith  no  control  surface  deflection. 
Alternatively,  the  size  of  the  control  surfaces  could  be 
made  smaller  to  reduce  the  drag  and  thereby  reduce  the 
energy  required  for  propulsion.  However,  smaller  control 
surfaces  would  require  an  active  control  system  (an  energy 
drain)  to  provide  vehicle  straight  line  stability. 

The  design  of  the  control  system  should  follow  a  logical 
sequence .  Although  the  demarcations  between  different 
phases  of  the  design  process  are  not  distinct,  the  following 
phases  are  identified  for  this  project. 

Phase  I  Identify  the  vehicle  size,  shape  and  mission 
requirements . 

Phase  II  Identify  a  mathematical  model  to  represent 
the  motion  of  the  vehicle  in  six  degrees 
of  freedom.  Linearize  the  mathematical 
model . 


Phase  III   Calculate   the   values   of   the   hydrodynamic 
coefficients  in  the  linearized  equations. 
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Phase  IV  Form  the  transfer  functions  for  each  of  the 
linearised  equations.  Check  for  vehicle 
stability  by  calculating  the  values  of  the 
poles  and  zeros  for  each  transfer 
function.  Determine  the  vehicle  time 
response  to  a  small  control  surface 
deflection . 

Phase  V  Using  modern  control  theory,  model  the 
vehicle  in  state  space  using  the  six 
nonlinear  equations  which  describe  its 
motion.  Include  in  the  model  the  effects 
of  random  environmental  disturbances . 

Phase  VI  Model  the  outputs  of  the  vehicle  sensors 
which  will  be  used  to  determine  the 
control  signal.  Include  the  effects  of 
random  noise  in  the  measurements. 

Phase  VII  Construct  an  observer  (Kalman  filter)  to 
estimate  values  of  the  states  which  cannot 
be  measured  directly  by  the  vehicle's 
sensors . 

Phase  VIII  Combine  Phases  V,  VI,  and  VII  into  a 
complete  model  of  the  vehicle's  motion. 
Use  this  model  to  design  a  linear  control 
system  which  will  control  the  vehicle  in 
the  predicted  manner. 
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In  this  thesis,   Phases  I  through  V  are  performed  in  detail, 
and   a  brief   discussion   of  Phases   VI,    VII   and  VIII   is 
provided . 

Phases  I  and  II  are  discussed  in  Chapter  Two.  Figure  1.1 
shows  the  principal  dimensions  of  the  SUUV.  Although  the 
shape  and  dimensions  were  selected  arbitrarily,  it  was  felt 
that  these  parameters  would  be  close  to  those  which  might  be 
selected  for  an  actual  vehicle  design.  The  control  system 
design  procedure  used  in  this  thesis  should  be  appropriate 
for  any  vehicle  with  missions  similar  to  those  of  the  SUUV. 
Figure  1.2  is  a  block  diagram  representation  of  the 
anticipated  inputs  and  outputs  for  the  SUUV's  control 
system.  The  linearized  equations  which  are  developed  in 
Chapter  Two  are  adequate  to  predict  the  vehicle's  response 
to  small  perturbations  about  the  assumed  equilibrium 
condition  of  straight  ahead  motion  with  the  control  surfaces 
undef lected . 

Phase  III,  calculation  of  the  hydrodynamic  coefficients, 
is  performed  in  Chapter  Three. 

In  Chapter  Four,  the  linearised,  small  perturbation 
equations  of  motion  for  the  vehicle  which  were  developed  in 
Chapter  Two  are  solved  individually  to  find  the  transfer 
functions  (Phase  IV).  These  transfer  functions  relate  u 
(forward  velocity),  w  (vertical  velocity),  and  6  (pitch 
angle)  to  small  deflections  of  the  stern  planes;  and  v 
(sideslip  velocity),   0  (roll  angle),   and  v>  (yaw  angle)   to 
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small  deflections  of  the  rudder.  The  poles  and  zeros  of 
these  transfer  functions  were  calculated.  Appendix  C 
contains  the  computer  programs  used  to  calculate  the  poles 
and  zeros  of  the  transfer  functions.  The  inverse  LaPlace 
transforms  of  the  transfer  functions  were  evaluated  at  a 
series  of  times  to  determine  the  response  of  the  vehicle  to 
a  small  step  change  in  rudder  or  stern  plane  position. 
These  time  response  curves  were  evaluated  to  determine  if 
the  settling  time  and  stability  of  each  response  mode  were 
satisfactory.  The  computer  programs  used  to  calculate  the 
time  responses  are  listed  in  Appendix  D. 

Having  determined  from  the  classical  control  theory  that 
the  initial  estimate  of  the  geometry  of  the  vehicle  uas 
satisfactory  from  the  aspect  of  stability  and  time  response, 
in  Chapter  Five  modern  control  theory  uas  used  to  proceed 
with  the  beginning  of  an  in-depth  design  of  the  control 
system  (Phase  V).  Figure  1.3  shous  a  block  diagram  of  the 
major  elements  of  a  modern  control  system.  This  thesis 
includes  a  development  of  the  model  used  to  represent  the 
motion  of  the  vehicle.  This  model  is  a  set  of  nonlinear 
equations  that  describe  the  complete  motion  of  the  vehicle 
in  six  degrees  of  freedom  -  surge,  sway,  heave,  roll, 
pitch,  and  yatj  -  and  also  includes  terms  to  model  the 
effects  of  random  environmental  disturbances  on  the  vehicle. 
A  computer  program  is  described  uhich  uill  evaluate  the 
states  (velocities  and  angular  velocities)   at  a  given  time. 
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FIGURE  1.3   BLOCK  DIAGRAM  OF  MODERN  CONTROL  SYSTEM 
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This  program  is  listed  in  Appendix  E.  Follow-on  work  to 
this  thesis  should  include  developing  computer  programs  to 
calculate  the  information  discussed  in  phases  VI  and  VII, 
and  then  using  the  program  in  Appendix  E  along  with  these 
new  programs  to  model  the  complete  system  -  input,  plant, 
sensors,  observer,  disturbances,  and  output.  This  would 
allow  simulation  of  the  vehicle  motion  in  real  time  and  the 
vehicle  response  under  various  conditions  could  be 
evaluated.  Based  on  these  responses,  the  optimal  feedback 
gains  and  observer  gains  can  be  adjusted  if  necessary  to 
provide  the  required  vehicle  response. 

Chapter   Six   consists    of   a   short   summary    and   the 
conclusions  reached  by  the  author. 
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Chapter  II 
EQUATIONS  OF  MOTION 

2  .  1     IDENTIFICATION  OF  THE  VEHICLE  AND  ITS  MISSION 

The  small  unmanned,  untethered,  underwater  vehicle  for 
which  this  control  system  design  procedure  uas  developed  is 
depicted  in  Figure  1.1.  The  principal  dimensions  and 
characteristics  of  this  vehicle  are = 


Length  overall 
Maximum  diameter 
ueight 
Buoyancy 
Control  surfaces 

Symmetry 


1  1  .  67  feet 

2 1  inches 

1162  pounds 

1162  pounds 

Rudder 

Stern  Planes 
Port-Starboard 
Deck-Keel 


The  mission  of  the  SUUV  is: 

1.  Transit  to  operating  location  and  depth; 

2.  Operate  for  a  predetermined  period  performing  the 
intended  mission  such  as  monitoring  the  environment 
or  conducting  inspections  of  underwater  equipment; 
and 

3.  Return  to  the  predetermined  location  for  recovery. 
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2 . 2    DEVELOPMENT  OF  THE  EQUATIONS  OF  NOTION 

The  SUUV  was  treated  as  a  rigid  body  with  deck-keel  and 
port-starboard  symmetry  whose  motion  can  be  described  using 
six  degrees  of  freedom  -  surge,  sway,  heave,  pitch,  roll, 
and  yaw.  The  control  effectors  on  the  SUUV  include  a 
rudder,  horizontal  control  surfaces  called  stern  planes,  and 
a  propeller  at  the  stern.  Mathematical  equations  which  can 
be  used'  to  model  the  movement  of  the  SUUV  in  all  six  degrees 
of  freedom  were  then  developed  following  the  procedure  used 
by  Humphreys1.  Appendix  A  contains  a  list  of  the  notations 
used  in  these  equations  and  throughout  this  thesis.  These 
notations  follow  the  standard  nomenclature  introduced  in  the 
Society  of  Naval  Architects  and  Marine  Engineers  TMB  1-5. 2 

The  equations  which  describe  the  forces,  F,  and  moments, 
M,  acting  on  the  SUUV  are: 


P  =  —  ^Momentum; 

Q  X 


Oft,   =  -rr  (Angular  momentum)  (  2  ) 


1  Humphreys , D . E . ;  Development  of  the  Equations  of  Motion  and 
Transfer  Functions  for  Underwater  Vehicles  pp.  1-15  Naval 
Coastal  Systems  Laboratory;  Panama  City,  Florida,  July 
1976  . 

2  The  Society  of  Naval  Architects  and  Marine  Engineers,  TMB 
No.  1-5;  Nomenclature  for  Treating  the  Motions  of  a. 
Submerged  Body  Through  a  Fluid  ;  April,  1952. 
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A  set  of  right-hand,  orthogonal  coordinate  axes  centered  at 
the  center  of  mass,  CG,  of  the  SUUV  was  used  to  develop  the 
equations  of  motion.  Positive  directions  for  the  axes, 
linear  velocity  components,  angular  velocity  components, 
angles,  forces  and  moments  are  shown  in  Figure  2.1. 

The  inertial  forces  and  moments  acting  on  the  vehicle  can 
be  written  as  = 


ZX  =  raCU  +  2W  -  RV) 


ZY  =  m(V  +  RU  -  PW) 


ZZ  =  m(W  +PV  -   2U) 


ZK  =  PI   -  RI    +  2R(I   -  I  )  -  P2I 

x      xz        2     y        xz 


ZM  =  21   +  PR(I   -  I  )  -  R2I    +  P2I 

y        x     z        xz        xz 


ZN  =  RI   -  PI    +  P2(I   -  I  )  +2RI 

z      xz        y     x       xz 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


The  total  motion  of  the  vehicle  can  be  assumed  to  consist 
of  two  parts:  (1)  an  average  motion  representative  of  the 
equilibrium  condition;  and  (2)  a  dynamic  motion  that 
consists  of  small  perturbations  about  the  average  motion. 
Thus,  the  instantaneous  velocity  components  at  any  time  can 
be  written1 
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U  =  Uo  +  u 


(9) 


V  =  V0  +  v 


(  10) 


W  =   Un   +  W 


(11) 


P   =   P0   +   P 


(12) 


2  =  e0  +  q 


(13) 


R  =  R0  +  r 


(  14) 


The  zero  subscripts  represent  the  average  or  equilibrium 
velocity  components  and  the  small  letters  represent  the 
dynamic  velocity  components.  By  defining  the  equilibrium 
condition  as  straight  ahead  motion  with  control  surfaces 
undeflected,  all  average  velocity  components  except  Uo  are 
zero  and  the  total  velocity  equations  can  be  rewritten1 


U  =  Uo  +  u 


(  15) 


V  =  v 


(16) 


M  =  w 


(  17) 


P  =  p 
2  =  q 


(18) 


(19) 


R  =  r 


(20) 
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Substituting   these  equations   into  the   inertial  force   and 
moment  equations  yields: 


ZX  =  m(u  +  qw  -rv) 


ZY  =  m(v  +  rU0  +  ru  -  pw) 


ZZ  =  m(u  +  pv  -qU0  -qu) 


ZK  =  pi   -  rl    +  qr(I   -  I  )  -  pql 

x      xz        z     y        xz 


(  25) 
ZM  =  ql   +  pr(I   -  I  )  -  r2I    +  p2I 

y        x     z         xz      xs 


(21  ) 


(22) 


(23) 


(24) 


(26) 


ZN  =  rl   -  pi    +  pq(I   -  I  )  +  qrl 

z      xz        y     x        xz 


The  following  assumptions  will   allow  further  simplification 
of  these  equations . 

1 .  Assume  the  disturbances  from  the  equilibrium 
condition  are  small  enough  that  the  products  and 
squares  of  the  changes  in  velocity  are  small  compared 
to  the  changes  themselves. 

2.  Assume  the  disturbance  angles  are  small  enough  that 
the  sines  of  these  angles  may  be  set  equal  to  zero 
and  the  cosines  set  equal  to  one. 
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3.   Products  of  the  disturbance   angles  are  approximately 
zero  . 
The  following  equations  result  from  these  assumptions: 


ZX  =  mu 


ZY  =  m( v  +  rU0 ) 


ZZ  =  m( M  -  qU0 ) 


ZK  =  pi   -  rl 

x      xs 


ZM  =  ql 


(27) 


(28) 


(29) 


(30) 


(31  ) 


ZN  =  rl 


Pi 


(32) 


xz 


Additionally,  using  the  small  perturbation  assumption  and 
equations  (15-20),  the  relationship  between  the  angular 
velocities  and  the  rate  of  change  of  the  angles  can  be 
written  = 


P  =  <t> 


q  =  e 


(  33) 


(34) 


(  35) 


r  =  v> 
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In  addition  to  the  inertial  forces  and  moments,   the  vehicle 

also  experiences  hydrodynamic  forces  and   moments  due  to  the 

forces  exerted  by  the  surrounding   fluid.    These  forces  and 

moments  are  functions  of  the  relative  velocity,  acceleration 

and  position  as  uell  as   control  surface  deflections.    They 

can  be  expressed  in  functional  form  as : 


•  •  •    •  •  • 


(36) 


F  =  f  (u,  v  ,  w,u,  v  ,w,  p  ,  q  ,  r  ,  p  ,q  ,  r  ><t> ,  6  ,  i>  ,  6  ) 


These  forces   and  moments  can  be   expressed  in  terms   of  the 

Taylor   series  expansion   about   the  equilibrium   condition. 

Two  assumptions   allow  considerable  simplification   of  these 

expansions . 

1  .  Assume  second  order  and  higher  terms  may  be  neglected 
because  only  small  perturbations  from  the  equilibrium 
postion  are  allowed. 
2.  Assume  that  since  the  XZ  plane  is  a  plane  of 
symmetry,  X  ,  z  ,  and  M  are  functions  only  of 
u,w,q, their  derivatives,  and  6;  and  Y  ,  N  ,  and  K 
are  functions  only  of  v,  p,  r,  their  derivatives  and 
<t>  . 

Therefore,  the  hydrodynamic  forces  and  moments  expanded  in  a 

Taylor  series  and  simplified  by  the  above  assumptions  can  be 

written • 


Y  +  Y«v  +Yv+Y*p+Yp+  YA   +  Y  r  +  Y*r  +  Y.tf 
v     v     p     p     <j>     r     r 


(37) 
h  o  v  v  pr  pr  <{>  r  r  5 

VL    -  K     +  K*v  +  K  v  +  K«p  +  K  p  +  KJ  +  K«r  +  K  r  +  L5  (38) 

a        o        v  v  p  p  9  r  r  o 

N.    -  N     +  N«v  +  N  v  +  N«p  +  N  p  +  N   *  +  N-r  +  N  r  +  N.5  (39) 

hov  v  prpr<|>  r  r  6 
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X,    -  X     +  X»u  +  X  u  +  X'w  +  X  v  +  X*q  +  X  q  +  XQ8  +  Xx5 
nouuwwqqS  5 

Z,     -   Z     +  Z*u  +  Z  u  +  Z«w  +  Z  w  +  Z«q  +  Z   q  +  Zrt9   +  Zr<5 
nou  u  ww  qn  qn  9  6 

M.  -  M  +  M«u  +  M  u  +  M«w  +  M  w  +  M«q  +  M  q  +  MQ9  +  M-5 
nou     u     w     w     q^qn9     5 


(40) 
(41) 
(42) 


Terms  similar  to  X  <u>3u  expresses  the  change  in  the 
force  or  moment  because  of  the  disturbance  velocity.  X<u> 
is  called  a  stability  derivative  or  hydrodynamic  coefficient 
and  is  defined  as  the  change  in  the  X  force  uith  respect  to 
the  u  velocity  and  evaluated  at  the  equilibrium  condition. 

OX) 


u    ( 3u) o 

The  gravity  and  buoyancy  forces  and  moments  can  be 
expanded  in  a  similar  fashion  and  the  complete  linearised, 
small  perturbation  equations  of  motion  for  the  SUUV  are: 


mu  -  X-u  +  X  u  +  X-w  +  X  w  +  X-q  +  X  q  +  X  9  +  X  5  (43) 
u     uwwq     q     0      o 

m(w  -  U  9)  =  Z-u  +  Z  u  +  Z-w  +  Z  w  +  Z;q  +  Z  q  +  Z  8  +  Z^  5   (44) 

v     o      u     u     w     w     q     q     tf     0  s    <       J 


I  8  =  M«u  +  M  u  +  M«w  +Mw+M-q+Mq+  MQ8  +  M.  6 
y      u      u     w     w     qn     q      8      o   s 


(45) 


and 


3  The  notation  <  >  indicates  a  subscript 
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m(v  +  U  h   =  Y-v  +  Y  v  +.  Y«p  +  Y  p  +  Y.<j>  +  Y«r  +  Y   r  +  Y      6  (46) 

o  v  v  p  p  9  r  r  o_  n.  ^      ■> 

ij-l     'i  =  K*v  +  K  v  +  K*p  +  K  p  +  K.<|>  +  K-r  +  K  r  +  K     6  (47) 
xY         xz           v           v           p           p           <P           r           r             R 

I  ¥  -  I     "i  =  N»v  +  N  v  +  N-p  +  N  p  +  N.<|>  +  N;r  +  N  r  +  N     $  (48) 
z            xzr         v           v            P            P            <P            r            r            °R 


These  two  groups  of  three  equations  (43-45)  and  (46-48) 
are  functions  of  different  variables.  Hence,  the  motion  of 
the  vehicle  can  be  examined  in  the  vertical  (XZ)  or 
horizontal  (XY)  plane  independently  of  motion  in  the  other 
plane.  (The  motion  of  the  vehicle  in  the  tuo  planes  is  said 
to  be  uncoupled.)  The  first  set  of  equations  is  usually 
called  the  vertical  or  longitudinal  set  of  equations  and  the 
second  set  is  often  called  the  horizontal  or  lateral  set  of 
equations . 
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Chapter  III 
CALCULATION  OF  THE  HYDRODYNAMIC  COEFFICIENTS 

3.  1    CONTRIBUTIONS  FROM  THE  BODY 

The  values  for  the  hydr odynamic  coefficients  ueie  calculated 
by  first  approximating  the  body  shape  as  an  ellipsoid  and 
calculating  values  for  this  shape,  and  then  calculating  and 
adding  the  contributions  from  the  fins  and  the  nozzle .  The 
ellipsoid  representing  the  body  is  depicted  in  Figure  3.1. 

Volume  of  Ellipsoid 

V  =  4/3  7T  a  b2 

i 1 

I  I 

I  V  =  18.04  ft. 3  I 

I  I 

i i 

Buoyancy  Force  of  Ellipsoid 
B  =  p    V 


B  =  1162  lbf 


Surface    Area    of    Ellipsoid 


ab 

S    =    27rb2    +    27T         sin-  1  e 
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«- 


5.625' 

0.875» 

eccentricity 

c/a 

(a2  -  b2)* 


a 
b 
€ 

c 

€  =  0.988 


FIGURE   3.1   ELLIPSOID  USED  TO  REPRESENT  VEHICLE 
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€  =  c/a     where  6  =  eccentricity  * 
6  =  .988 


S  =  49.3  ft. 


Landueber  and  Johnson5  determined  empirical  formulas  to 
determine  the  values  of  many  of  the  hydrodynamic 
coefficients.  These  formulas  contain  the  terms  K ' , K 1 , and  K2 
which  are  determined  for  this  vehicle  by  using  the  table 
provided  by  Lamb6.  Entering  this  table  with  the  value  a/b  = 
5.714,  the  values  of  K',  K1.  and  K2  are: 

K'  =  0  .782 
K1  =  0.041 
K2  =  0.925 


Moments  of  Inertia 


I   =1    for  a  prolate  spheroid 

y    2 


11  Thomas  ,  G  .  B  .  Jr  .  ;  Calculus  and  Analytic  Geometry  ;   p 
Addison-Wesley  Publishing  Co.;  Reading,  Ma.;  1960. 


478; 


5  Landweber,  L.  and  Johnson , J . L . ;  Prediction  of  Dynamic 
Stability  Derivatives  of  an  Elongated  Body  of  Revolution  ; 
NSRDC  Report  C-359;  May,  1951. 

6  Lamb,  Sir  Horace;  Hydrodynamics ,  6th  Ed.;  pp.  155;  Dover 
Publications , New  York,  1945. 
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I   =  m(a2  +  b2 )/  5 

y 


I   =  234  slugs-ft.2 

y 


I   =  234  slugs-ft.2 

2 


I  •  =  I  /( 1/2pl5  ) 

y  y 


i  '  =  i  •  =  0  .0013 
y  z 


I   =  m(2b2)  /  5 
x 


I   =11.1  slugs-ft.2 
x 


I  '  =  I  /( 1/2pl5 ) 

X        X 
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I  '  =  .0000614 
x 


Mass 


m  =  1  162/32.  2 


m  =  36.1  slugs 


m'  =  m/(  1/2pl3) 

m'  =  .02535 
i i 


X  ,  s.      and  Z 

G    G        G 


X   =   Y   =   0 
G      G 


Z   =  -1/2inch   =  -.042ft 
G 


z  '  =  -. 0037 
G 
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Coefficient  of  Drag 
Newman7  has  determined  that  for  three  dimensional  bodies 
where  the  maximum  thickness  is  less  than  one-fifth  of  the 
length,  the  frictional  drag  is  dominant  and  the  drag 
coefficient  can  be  predicted  from  the  flat-plate  drag 
coefficient  C<f>.  Assuming  a  speed  of  five  knots,  the  Reynolds 
number  is • 

Re  =  Ul/v  " 

Re  =  (5) (  1  .  689)  (  10) ( . 0929)/( 1 . 35  x  10"6) 

Re  =  5.81  x  106     (for  seawater  at  10°C) 
From  Figure  2.3  in  Newman8 


C   =  3.5  x  10"3 

f 


and  since   C   =  C 
D     f 


C   =  0  .  0035 
D 


ax 

x    =   

u  3u 


X  =  -1/2pu2AC 
D 


7  Newman, J. N.;   Marine   Hydrodynamics  ;   pp  20;    MIT  Press, 
Cambridge , Ma. ;  1977. 

8  ibid 
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ax/au  =  -  puac 

D 

A  =  S  =  Surface  Area 
A  =  49.3  l2  /126.6   =  . 39  l2 


X  '  =  2  X   /  pul2 
u        u 


X  '  =  -0 . 00273 
u 


X.  '  =  -Kitn' 
u 


X.  ' 
u 


=  -0.00  104 


Y   and   Z 
v         u 


Y  '  =  Z 

M        V 


Z  ?  =  -0 . 234(m'  ) o .  7  *  _  D' 
u 


where  D'  =  C  S/l2     D'  =  .00137 
D 


1>1> 


Z  '  =  -.0142 
u 


Y  f  =  -.0142 
v 


Y.J.  and  Z.J. 
v        v 


Y. '  =  Z. » 
v      v 


for  an  ellipsoid 


Y.  '  =  -  .  02345 
v 


02345 


u 
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M       and    N 
u  v 


M    '     =    0 .87(K2    -    K-,  jra' 
u 


M     '     =     .0195 


N     •     =    -.0195 
v 


Z       and    Y 
q  r 


Z     '     =    -(0.10    -    Knin1 


Z     '     =    -.0015 

q 


Y     '     =     .0015 

r 
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M   and  N 
q      r 


M  '  =  -0. 045  m' 

q 


n  '  =  -.00114 
q 


N 


.00114 


M.   and   N. 

q        r 


M.  '  =  -K'l  ' 

q       y 


M. '  =   -  . 00102 
q 


N. '  =  -  .00102 


36 


M   and   K 

d  <t> 


M   '  =  m'g  Z  ' 
6  G 


M  •  =  -. 00302 

e 


K  '  =  -. 00302 

0 


The  circular  symmetry  of  an  ellipsoid 
causes  the  following  coefficients  to  be  zero 


K.'  =  0     Z.'  =  0     H.'  =  0     Y.'  =  0     N.'  =  0 
p  q  w  r  v 


1)1 

3. 2    CONTRIBUTIONS  FROM  THE  FINS 

The  size  and  shape  of  the  fins  selected  was  the  same  for  the 
rudder  and  the  stern  planes.  Figure  3.2  shows  the 
dimensions  and  shape  of  one  of  these  fins.  The  total  area 
of  both  the  port  and  starboard  stern  planes  was  calculated 
to  be  0.4  square  feet. 


A   =  0.4  ft. 2 


The   average   span   of   the   rudder   and   stern   planes   was 
calculated  as  follows: 

S  =  ( (  .578  +  . 375)  /  (2) )2 
S  =  .972  ft. 

The  average  chord  was  calculated  to  be ' 

C  =  .  365  ft. 

Aspect  Ratio 

AR  =  S/C 

AR  =  2.66 


Z  '  =  - . 5pU0A  C    /  (  .5pU0l2  ) 
u  f  La 


C    =  2t/( 1+2/AR) 
La 
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.58 


T 

.188 

1 


"31251 


b 


AREA 

AREA  C^*  = 
AREA   1   1 


=   .033  ft. 


.045  ft. 
=   .122  ft.' 


Total  Area  (1  fin)   =   .2  ft.' 
Total  Area  (2  fins)  =   .4  ft.' 


FIGURE  3.2   FIN  SIZE  AND  SHAPE 
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C    =  3.59 
La 


For  calculating  the  contributions  of  the  fins  to  the 
hydrodynamic  coefficients  N<v>,  M<u>,  N<r>,  N<v>,  y<r>, 
y<v>,  Z<w>,  Z<q>,  and  M<q>>  the  projected  area  of  the  nozzle 
also  was  included  in  the  calculation  of  effective  fin  area 
and  span.  Figure  3.3  shows  the  effective  fin  used  in  these 
calculations . " 


Z  '  =  -A  C    /  l2 
w       f  La 


Z  *  =  -  . 040184 
u 


Z.'  =  -87T  S2C2  /U44S2  +  C2l)l3) 
u 


Z.  •  =  -.000275 
u 


Z.'  =  (1   /  1)*(Z.') 
q         X  W 


Z.  '  =  -.  00014 

q 


ko 


1.75 


T 

.39 


.39' 


Area  =  .81  ft. 
Span  (S)  =  1.75' 
Chord  (C)  =  .48' 
Aspect  Ratio  (AR) 

CT   =  2TT 


1  + 


AR 


AR  = 


AR  ='3.65 


FIGURE  3.3      EFFECTIVE  FIN  AREA 


kl 


Y.  '  =  -Z.  ■  (1   /  1) 
r       u    x 


Y.  '  =  .  00014 


Y  '  =  Z  ' 

v      u 


Y  '  =  -.02598 
v 


Y. '  =  Z. ' 

V       u 


Y.  '  =  -.  000275 
v 


Z  '  =  (1  /1)»(Z  '  ) 

q        x       w 


s  '  =  -  .01461 


kZ 


Y  '  =  -  Z 

r      q 


Y  '  =  .01461 


K  '  =  (1  2/l) (Z  '  ) 

p      y  m 


K  '  =  -.0000445 


K.  '  =  (1  2/l) (Z.  •  ) 

p     y  w 


0000017 


M  '  =  (1  /l)  (Z  '  ) 
u       x      u 


M  '  =  -  .01311 
w 


N  '  =  M  ' 
v      u 


k3 


N     '     =     .001311 
v 


M. '     =(1    /l) (Z     ' ) 
U  X  u 


n.  '    =   -    .  ooom 
u 


-N.  '     =    M. 

V  w 


N .  »     =       .00014 
v 


M     '     =     (1     2/l) (Z     •  ) 
q  X  U 


M     '     =    -.00775 
1 


M. '     =     (1     2/l) (Z. ' ) 
q  X  W 


kk 


M. '  =  -. 0000017 
q 


N  '  =  M  ' 
r       q 


N  '  =  -.00775 


N. '  =  M. ' 

r     q 


N.  '  =  -  .  0000017 


Y    =  C    A   /  l2 
<5R     La   f 


Y         =     .0074 
<5R 


Z       =   -Y 
<5S  <5R 


k5 

i 1 

I  I 

I  Z     =    -.0074  I 

I  5S  I 

I  I 

i i 


i 1 

I  I 

I  K     =     0  .0  I 

I  5R  I 

I  I 

i i 


M        =  -1  C     A   /  (l3) 
<5S  x  Lcr    f 


i 1 

I  I 

I  H  =  -  .0037  I 

I  3S  I 

I  I 

i i 


N  M 

<5R  <5S 


i 1 

I  I 

I  N     =   -  .0037  I 

I  6R  I 

I  I 

i i 


Table  3-1  lists  the  values  of  all  of  the  hydrodynamic 
coefficients  for  ease  of  reference. 
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TABLE  3-1   NONDIMENSIONAL  VALUES  OF  HYDRODYNAMIC  DERIVATIVES 


Hydrodynamic 
Derivative 


BODY  FINS  TOTAL 


xu  -0.00273  -0.00273 

x. 

u  -0.00104  -0.00104 

Yv  -0.01420  -0.025980  -0.04018 

Yv  -0.02345  -0.000275  -0.02373 

Yr  0.00150         0.01310          0.0146 

Yr  0.0  -0.000140  -0.00014 

Zw  -0.01420  -0.02598  -0.04018 

Zw  -0.02345  -0.000275  -0.02373 

Zq  -0.00150  -0.01310  -0.01460 

Zq  0.0  -0.000140  -0.00014 

K<j)  -0.00302  -0.00302 

Kp  0.0  -0.0000445  -0.0000445 

Kp  0.0  -0.0000017  -0.0000017 

Mw  0.01950  -0.01311          0.006395 


w 


0.0  -0.000140        -0.00014 
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Table    3-1    (Con't) 


Hydrodynamic 
Derivative 


BODY  FINS  TOTAL 


M, 


•0.00302  -0.00302 


Mq  -0.00114        -0.006610  -0.00775 

Mq  -0.00102        -0.0000017  -0.00102 

Nv  -0.01950         0.001311  -0.01819 

Nv  0.0             0.000140  0.000140 

Nr  -0.00114        -0.006610  -0.00775 

Nr  -0.00102        -0.0000017  -0.00102 

Y5R  0.007400  0.00740 

Z6S  -0.007400  -0.00740 

K6R  0.0  0.0 

M5S  -0.003700  -0.00370 

N6R  -0.003700  -0.00370 


w 


Chapter  IV 
DEVELOPMENT  OF  THE  TRANSFER  FUNCTIONS 


4.  1     GENERAL 
The  linearized,   small  perturbation  equations  of  motion  were 
developed  in  Chapter  Tuo.    After  substituting  equations  33, 
34,   and  35  into  the   equations  of  motion,   the  longitudinal 
and  lateral  equations  of  motion  can  be  written: 

LONGITUDINAL  EQUATIONS 


mu  -  X«u  -  X  u  -  X«w  -  X  w  -  X«6   -  X   9   -  XQ9 
u  u  w  w  q  q  9 

mv  -  mU   9   -   Z*u  -  Z   u  -  Z«w  -  Z  w  -   Z«9   -   Z   ( 
o  u  u  w  w  q  q 

I    9    -  M-u  -  M  u   -  M«w  -  M  w  -  M«9    -  M  9    -  MJ 
yuuwwqq9 


-  X6s6s  (49) 

"  M6   6s  (51) 

s 


LATERAL  EQUATIONS" 


av 


+  nU  }  -  Y«v  -  Y  v  -  Y-*  -  Y  }  -  YJ  -  Y'f  -  Y  i  ■  Y.   5      r52i 
o     v     v     p     p     <fr     r     r     o   R     k->^) 


I   d»   -  I      4»  -   K-v   -  K  v  -  K-<f>   -  K   \   -  K.cf>   -  K*4f   -  K  *  -  K.      6„  f 53-) 

xy  xz  v  v  p  p  4>  r  r  6        R         i.->->J 


R 


H-I      4   -  N-v   -  N  v  -  N«j   -  N  <j>   -  N.4   -  N'V  -  H  j  ■  B.      <5  f  5  4  ^ 

z  xzT         v  v  p  pr  4>  r  r  5„     R         ^JHJ 


R 


The  terms  X<<5s>5s,  Z<5s><5s,  M<<5s>5s,  Y<<5R>dR,  K<<5R><5R, 
and  N<<5R><5R  are  the  control  forces  and  moments  generated 
when       the    control       system    causes       small       deflections    of       the 


k9 

stern  planes  or  rudder.  The  transfer  functions  for  the 
response  of  the  vehicle  to  small  deflections  of  the  rudder 
or  stern  planes  are  developed  in  the  following  pages. 

4. 2    LONGITUDINAL  TRANSFER  FUNCTIONS 

Taking  the   LaPlace  transform  of  the   longitudinal  equations 

yields • 

Km  -  x;)a  -  xju  +  [-  x^s  -  xjw  +  [-  x-s2  -  xqS  -  x9]9  =  z^a  (55) 

[-  Zjs  -  Zu]u  +  [(m  -  Z^s  -  ZBJw  +  [-  Z-s2  -  (Zq  +  mUo>s  -  Ze]e  .  Z$   ^  (56) 

S 

[-  M.s  -  Mu]u  +  [-  M.s  -  Mjw  +  [(Iy  -  M.)s2  -  Mqs  -  MQ]e  =  M5  ^  (57) 


These  equations  were  nondimensionalized  by  dividing  the 
force  equations  by  1/2  pl2Uo2>  the  moment  equations  by  1/2 
pl3Uo2»  and  S  by  Uo/1.  Then  the  nondimensionalized 
equations  can  be  written: 

NONDIKENSIONAL  LONGITUDINAL  EQUATIONS  OF  MOTION 

[(m'  -  X'-)s'  -  X']u«  -  [X'-s'  +  X']w'  -  [X'-s'2  +  X's'  +  X!]8  =  Xl   5  CS81 

u        u         w      w      l   q       q      9      6s   ^O0J 


0   s 
s 


[-Z''s'  -  Z*]u'  +  [(m1  -  Z*-)s'  -  Z'lw1 
u      u      l        w       w 


-  [Z'-s'2  +  (Z»  +  m'Js'  +  Z!]9  = 


qs   +  Uq  +  m-;s-  +  Z'JG  =  Z^  6s  (59) 

s 

I   -  M'')s'2  -  M's*  -  M!]9  =  Ml  6 
y     q       q      9J     5  s 


[-  m'^s'  -  M^]u»  -  [M'^s'  +  M;]w'  +  [(!'  -  M'-)s'2  -  M's'  -  M']9  =  M'  6   (60) 
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The  transfer  functions  can  be  determined  for  a  given 
input  by  solving  the  transformed  simultaneous  equations  of 
motion  for  the  variable  of  interest  with  all  other  inputs 
set  equal  to  zero.  For  example,  the  pitch  attitude  to  stern 
plane  deflection  angle  transfer  function,  using 
determinants,  can  be  written: 


9(s) 

V8) 


(m'  -  X'-)s'  -  X' 
v       u       u 


-  Z'-s'  -  Z' 
u      u 


-  M'«s?  -  M' 
u      u 


-  X'-s'  -  X' 
w      w 


(m»  -  Z'^)s'  -  Z^ 


w 


-  M*s*  -  M' 
w      w 


X' 


Z' 


«; 


(m'  -  X'-)s'  -  X'   -X'-s'  -  X' 
u       u     w      w 


-  Z'-s'  -  Z' 

u  u 

-  M'«s'  -  M' 

u  u 


(m'  -  Z'-)s' 
w 

-  M'«s'  -  M* 
w      w 


-  X'-s'2  -  X's»  -  X!) 

Z'   -Z-s'2  -  (Z'  +  iOs'  +  -Z' 
w    q        q  9 

(I'  -  M'-)s'2  -  M's'  -  M' 

y    q      q     Q 


These  determinants  were  expanded,  resulting  in  a  numerator 
polynomial  in  s '  over  a  denominator  polynomial  in  s ' .  The 
denominator  polynomial  for  the  three  longitudinal  transfer 
functions  is  a  common  polynomial.  Setting  this  denominator 
equal  to  zero  gives  the  characteristic  equation  uhose  roots 
are  equal  to  the  poles  of  the  system.  The  damping  and  the 
natural  frequency  and  the  time  constant  of  the  system  can  be 
determined    from    this   characteristic    equation.      The 
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longitudinal   transfer    functions   can   be    summarized   as 
follows • 


LONGITUDINAL  TRANSFER  FUNCTIONS 

0/5 

s 

-! 

s 

= 

Aes'2+BQs'   +C6 

Long 

As*4  +  Bs'3  +  Cs*2  +  Ds'    +  E 

w'/<5 
s 

< 

s 

= 

A  s'3  +  B   s'2  +  C   s'   +  D 
w                w                w              w 

Long 

As'4  +  Bs'3  +  Cs'2  +  Ds'    +  E 

u'/6 

s 

A  s'3  +  B   s'2  +  C   s'   +  D 
u                 u                u              u 

ALong   As'4  +  Bs'3  +  Cs'2  +  Ds'  +  E 


(61) 


(62) 


(63) 


The  coefficients  A,B»C»D,  and  E  and  the  coefficients  in  the 
numerators  are  evaluated  using  the  equations  in  Appendix  B. 
The  values  of  the  hydrodynamic  derivatives  used  to  evaluate 
these  coefficients  are  as  calculated  in  Chapter  Three.  In 
order  to  evaluate  the  transfer  functions,  a  computer  program 
was  written  which  first  determined  the  values  of  the 
coefficients  using  the  equations  in  Appendix  B,  and  then 
used  these  values  to  determine  the  roots  of  the  numerator 
and  denominator . 

Using  the  program  VERTLIN . FORT  (listed  in  Appendix  C)  the 
roots  of  the  polynomirls  in  the  longitudinal  transfer 
functions  were  calculated  .  See  Table  4-1.  The  surge  (u) 
polynomial  coefficients   and  roots  are   zero  because   all  of 
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OUTPUT  VALUES  ARE  IN  DIMENSIONAL  FORM 
COEFFS.  OF  CHARACTERISTIC  E2UATI0N 

A  B  C  D  E 

0.974719E-05   0.306286E-04   0.206294E-04   0.568815E-05   0.331301E-06 

ROOTS  OF  CHARACTERISTIC  E2UATI0N 

REAL  IMAGINARY 

-2.342500  0.0 

-0.361070  0.237651 

-0.361070        -0.237651 

-0.077655         0.0 

PITCH  POLYNOMIAL  COEFFICIENTS 

ATHETA  BTHETA  CTHETA 

-0  .850454E-05  -0  .  7547 24E-05  -0 . 5350 9 OE-O 6 
ROOTS 

REAL  IMAGINARY 

-0.809735         0.0 

-0.077702  0.0 

VERTICAL  VELOCITY  COEFFICIENTS 

AU  BM  CU  DM 

-0  .  1  10338E-05  -0.46300 1E-05  -0 .  1  1  3874E-0 5  -0 . 6 1 0 1 00E-07 
ROOTS 

REAL  IMAGINARY 

-3.937668  0.0 

-0.180908         0.0 

-0.077621  0.0 

FORWARD  SPEED  POLYNOMIAL  COEFFICIENTS 

AU  BU  CU  DU 

0.0  0.0  0.0  0.0 

ROOTS 

REAL  IMAGINARY 

****************  0.0 

************  :****  0.0 

***************..:  0.0 


TABLE  4-1   ROOTS  OF  VERTICAL  TRANSFER  FUNCTION 
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the  hydrodynamic  coefficients  associated  uith  X  were  assumed 
to  be  zero  except  X<u>  and  X<u>.  Figure  4.1,  which  is  a 
flow  chart  for  VERTLIN.FORT  shows  the  method  used  to 
calculate  the  roots.  Subroutine  ZPOLR,  a  routine  written  by 
IMSL,Inc.  and  available  as  a  library  routine  at  C.S.  Draper 
Laboratory,  was  used  in  VERTLIN.FORT  to  find  the  zeros  of 
the  polynomials.  The  pitch  ( 6 ) and  heave  (w)  transfer 
functions  can  be  written  (after  cancellation): 


(S  +  .81 ) 


e/ds   = 


(S  +  2.34MS  +  .36  +  .24j)(S  +  .36  -  .  2  4  j  ) 


(64) 


(S  +  3.  94) (S  +  .  18) 

w/5s   =  (65) 

(S  +  2.34MS  +  .36  +.24JMS  +  .36  -  .  2  4  j  ) 


The  vehicle's  response  in  the  vertical  plane  was  then 
determined  by  finding  the  inverse  LaPlace  transform  for  0(s) 
and  w(s)  assuming  a  one  degree  deflection  of  the  stern 
planes .  Pitch  angle  as  a  function  of  time  following  a  one 
degree  deflection  can  be  expressed: 

0(t)  =  -0.027  -  0 . 0025(exp) (-2 . 34t) 

+  0 . 03(exp) (- . 36t ) (cos . 24t  +  .66sin.24t)       (55) 

The  vehicle's  vertical  velocity  as  a  function  of  time 
following  a  one  degree  deflection  of  the  stern  planes  can  be 
expressed : 


w(t)  =  -.003  +  . 001 (exp) (-2. 34t) 

+0 . 002 (exp) (-. 36t) (cos . 24t  +  .032sin.24t)      (57) 
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Plots  of  £(t)  and  w(t)  are  shown  in  Figure  4.2  and  4.3  These 
plots  show  that  the  vehicle  behaves  in  a  stable,  predictable 
manner  in  the  vertical  plane  following  a  small  stern  plane 
deflection . 


In  the  expressions  for  pitch  angle  and  vertical  velocity  as 
functions  of  time,  it  can  be  seen  that  some  terms  are  much 
smaller  than  others.  This  indicates  that  the  effects  of 
some  poles  and  zeros  are  insignificant  in  comparison  to  the 
effects  from  the  remaining  poles  and  zeros.  When  these 
zeros  and  poles  which  have  only  minor  effects  are  dropped 
from  the  transfer  functions,  the  transfer  functions  can  be 
written : 


(S  +  .81) 

*Cs)   =  (68) 

(S  +  . 36  +  .  24 j  )  (S  +  .36  -  . 24 j ) 


(S  +  . 18) 

w(s)   = (69) 

(S  +  .36  +.24J) (S  +  . 36  -  .24j) 


The  system  characteristic  equation  can  now  be  written 


56 


PITCH    MOTION 

5/6/1982 


O.CO  2.00  1.00  6.00 


9.00  10. SO 

TIME    [SEC.) 


12.00  IU.CO  IS. 00  18.(10 


FIGURE  4.2   PITCH  MOTION  FOR  A  ONE  DEGREE  STERN  PLANE 
DEFLECTION 
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Z    VELOC.     (FT. PER    SEC. 


5/6/1982 


8.00  10.00 

TIME     (SEC.) 


FIGURE  4.3   HEAVE  MOTION  FOLLOWING  A  ONE  DEGREE  STERN  PLANE 
DEFLECTION 
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S2  +  .76S  +. 187  =  0 


(70) 


This  equation  is  of  the  form, 

S2  +  2fun  +  on2  =  0 

where  £    =  damping  ratio 

un  =  natural  frequency 

Solving  for  the  damping  ratio,  natural  frequency  and  system 
time  constant: 

f   =   0.88 

un  =   0.432 

T    =   14.5  sees  . 


4. 3    LATERAL  TRANSFER  FUNCTIONS 

The  transfer  functions  for  the  lateral  equations  uere 
determined  and  analysed  using  the  same  procedure  just 
completed  for  the  longitudinal  equations.  Equations  (52-54) 
were  nondimensionalized  in  the  same  fashion  as  were  the 
longitudinal  equations,  with  the  additional  definition  that 
/3°  =  v/U0. 
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Nondimensionalized  Lateral  Equations  of  notion 


[(m'  -  Y'-)s'  -  Y'JB  +  [-  Y'-s'2  -  Y»s'  -  Y']4> 
1       v      v        p      p     <(> 

+  [-  Y'-s'2  +  (m*  -  Y^s']*  =  Y!  5d 
L    r  r        6   R 


(71) 


[-  K'-s'    -  K']8  +    [(I'    -  K'Os'2  -  K's'    -  K!]<f> 
1  v  vJ  x  p  p  <j>JT 

+    [(-  I'      -  K'.)s'2   -  K's']*  -  KI    6. 
1         xz  r  r  r 

[-  N'-sf   -  N']B  +   [(-  I'      ~  N'«)s'2  -  N's'    -  N!]<J> 
1  v  vJ  l         xz  p  p  4> 

+    [(I'    -  N'-)s'2  -  N*s']^  =  Nl    6D 
z  r  r  6     R 


(72) 


(73) 


The  lateral   transfer  functions   were  determined   from  these 
equations . 

Lateral  Transfer  Functions 


B/«™  = 


R   *L 


X  _  s,v3  + v,2  +  cbs' +  V 

at   s '  (As ' A  +  Bs '  3  +  Cs ' 2  +  Ds '  +  E) 


(74) 


N 


* 


*/6 


s'  (A.s|2  +  BAs'  +  CJ 


jL li 


R   A 


Lat 


s»(As 


4      3      2 
,H  +   Bs,J  +  Cs*  +  Ds'  + 


E) 


*/«»  ' 


R   A 


N6_       A.s'3  +  B,s'2  +  C,s'  +  D. 
Lat   s'(As'4  +  Bs'3  +  Cs'2  +  Ds'  +  E) 


(75) 


(76) 
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Figure  4-4  is  a  flow  diagram  of  the  computer  program 
HORLIN.FORT  (listed  in  Appendix  C).  The  values  of  the 
coefficients  and  roots  for  the  lateral  transfer  functions 
were  calculated  uith  HORLIN.FORT  and  are  listed  in  Table 
4-2.  The  coefficients  and  the  roots  of  the  roll  polynomial 
are  equal  to  zero  because  of  the  vehicle's  symmetry  in  both 
the  vertical  and  horizontal  planes.  The  transfer  functions 
for  the  suay  and  yaw  motion  are  written  (after 
cancellation)  '• 


v(s  )/<5r  (  s  ) 


(S  +  4. 38) 
(S  +2 . 69) (S  +  .45) 


(77) 


^(s)/<5r(s)  = 


(S  +  .81  ) 
(S  +  2  .  69) (S  +  .45) 


(78) 


v(t)  and  0(t)  were  determined 


v(t)  =  0.58  -  0  .62exp(-.45t) 


(79) 


tf(t)  =  -.014  -  O.OIt  -  0  .  012exp(-.  45t) 


(80) 


Plots  of  v(t)  and  yfr(t)  are  shown  in  Figures  4.5  and  4.6. 
These  plots  show  that  the  vehicle  is  stable  and  behaves  in  a 
predictable  manner  in  the  horizontal  plane  for  small 
deflections  of  the  rudder. 

In  order  to  maximize  the  use  of  the  installed  energy,  the 
control  surfaces  should  be  redesigned  to  reduce  their  area, 
which   would  reduce   the   drag  on   the   vehicle  and   thereby 
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OUTPUT  VALUES  ARE  IN  DIMENSIONAL  FORM 
COEFFS.  OF  CHARACTERISTIC  EQUATION 

A  B  C  D  E 

0.301377E-07   0.110544E-06   0.899080E-06   0.257019E-05   0.976S23E-06 

ROOTS  OF  CHARACTERISTIC  E2UATI0N 

REAL  IMAGINARY 

-0.264699         5.186463 

-0.264699        -5.186463 

-2.692328         0.0 

-0.446244         0.0 

SIDESLIP  POLYNOMIAL  COEFFS. 

ABETA  BBETA  CBETA  DBETA 

0.279417E-07   0.137099E-06   0.818321E-06   0.329856E-05 
ROOTS 

REAL  IMAGINARY 

-4.377226  0.0 

-0 . 264695        -5.  186463 

-0 .264695         5. 186463 

ROLL  POLYNOMIAL  COEFFS. 

APHI  BPHI  CPHI 

0.0  0.0  0.0 

ROOTS 

REAL  IMAGINARY 

t  *  *  *  t-  %  t.  t.   *  *:  *  t.  *   * ¥  ¥  Q   Q 

x xx xxxxxx x x  *  * xxx  0.0 

YAW  POLYNOMIAL  COEFFS. 

APSI  BPSI  CPSI  DPSI 

-0 . 269345E-07  -0 . 3 6 2 0 8 2E-07  -0 . 7 380 2 9 E-0 6  -0 . 59 1 9 6 OE-O 6 
ROOTS 

REAL  IMAGINARY 

-0 . 264697  5.  186465 

-0 . 264697        -5. 186465 

-0.8149  14         0.0 


TABLE  4-2   ROOTS  OF  HORIZONTAL  TRANSFER  FUNCTIONS 
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SNRT    MOTION 


5/5/1982 


-\ 1 1 H 


H 1 1 1 1 1- 


°b.oo 


8.0D  10.00 

TIME     (SEC.) 


FIGURE  4.5   SWAY  MOTION  FOR  A  ONE  DEGREE 

RUDDER  DEFLECTION 


6/f 


TflW    MOTION 


5/6/1S82 


16. QO  18. CO 


FIGURE  4.6   YAW  MOTION  FOR  A  ONE  DEGREE  RUDDER  DEFLECTION 
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maximise  mission  range  or  time.  After  selecting  a  new  fin 
size  and  shape,  the  affected  calculations  in  Chapter  III 
should  be  repeated  to  determine  new  hydrodynamic 
coefficients.  Then  the  analysis  of  this  chapter  should  be 
repeated.  This  sequence  should  be  repeated  until  the  size 
of  the  control  surfaces  is  the  smallest  uhich  will  provide 
the  desired  control  characteristics. 
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Chapter  V 
APPLICATION  OF  MODERN  CONTROL  THEORY 

After  analyzing  the  vehicle  using  classical  control  theory, 
the  next  step  was  to  apply  the  principals  of  modern  control 
theory  which  uses  state  space,  state  variables  and  state 
vectors  to  describe  the  dynamic  system  which  is  to  be 
controlled.  Modern  control  theory  can  be  used  to  design 
control  systems  which  have  multiple  inputs  and  multiple 
outputs . 

The  state  variables  are  a  set  of  variables  of  interest, 
X<i>,  which  completely  describe  the  state  of  the  system  at 
any  fixed  time.  The  finite  number,  n,  of  state  variables 
which  can  completely  describe  the  system  at  any  instant  form 
an  n  component  state  vector: 
X  =  CXi ,X2 , . .X<n>) 

The  inputs   to  the   system  are   represented  by   a  control 
vector ,  U . 

The  state  equations   which  represent  the  system   are  then 
written  in  the  form: 

X   =   A  X  +  B  U 


C  X  +  D  U 
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where  A,B,C,  and  D  are  coefficient  matrices  and  Y(t)  is  the 
output  vector.  The  state  variables  are  not  a  unique  set. 
That  is,  various  sets  of  state  variables  can  be  used.  Where 
possible,  it  is  advantageous  to  choose  as  the  state 
variables  those  variables  uhich  have  physical  significance 
and  uhich  can  be  measured. 

The  next  step  in  the  design  sequence  was  to  model  the 
nonlinear  motion  of  the  vehicle  in  six  degrees  of  freedom. 
Appendix  D  contains  a  listing  of  the  six  nonlinear  equations 
which  were  proposed  as  the   standard  equations  of  motion  for 

submarine  simulation9. 

i  o 
Appendix  E  contains  the  listing   of  a  computer  subroutine 

which  uses   these  equations  to   calculate  the  values   of  the 

vehicle's  linear   and  angular   velocities  in   both  the   body 

coordinate  system  and  the  earth  coordinate  system.   The  flow 

chart  for  this  subroutine  is  shown  in  Figure  5.1. 

This  completes  Phases   I  through  V  of   the  control  system 

design  process  as  discussed  in   Chapter  I.    Additional  work 

on  this  topic  should  begin  with   Phase  VI  and  procede  to  the 

final  control  system  design. 


Gerter,  M.   and  Hagen,  G.R.;   Standard  Equations   of  Motion 
for  Submarine  Simulation;        NSRDC   Report  No.       2510; 
Washington  D.C.  ;   June,  1967 

Lee,  Jang  Gyu;  The  Charles  Stark  Draper  Laboratory,  Inc.;  February,  1982 
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Chapter  VI 
CONCLUSIONS 

A  general  procedure  for  the  control  system  design  of  a  small 
unmanned,  untethered,  underwater  vehicle  was  formulated. 
The  early  phases  of  the  procedure  were  accomplished  for  the 
vehicle.   accomplished  for  a  vehicle. 

The  linearized  equations  of  motion  in  six  degrees  of 
freedom  for  small  perturbations  about  an  equilibrium 
condition  of  straight  ahead  motion  were  formulated,  and 
values  for  each  of  the  hydrodynamic  coefficients  in  these 
equations  were  calculated.  The  vehicle's  response  to  a 
small  control  surface  deflection  was  analysed  by  forming  the 
transfer  functions  for  each  of  the  equations  and  then 
solving  for  the  vehicle  response  in  the  time  domain.  The 
initial  design  of  the  control  surfaces  for  the  selected 
vehicle  size  and  shape  was  conservative.  Smaller  control 
surfaces  should  be  designed  and  the  analysis  should  be 
repeated  until  the  smallest  control  surfaces  which  provide 
satisfactory  vehicle  control  are  achieved. 

A  model  of  the  vehicle  was  formulate  using  the  nonlinear 
equations  of  motion.  Additional  work  in  the  area  of  this 
thesis  would  be  to  complete  a  nonlinear  model  of  the  vehicle 
and  its  control  system.    Modeling   of  the  vehicle's  sensors 
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and  measurement  noise  terms  and  constructing  an  observer  to 
calculate  non-observable  states  are  required  to  combine  with 
the  nonlinear  vehicle  model  and  input  terms. 

This  complete  nonlinear  model  should  then  be  used  to 
predict  the  vehicle's  response  in  real  time.  An  actual 
control  system  should  then  be  designed  that  has  the  desired 
characteristics  to  control  the  vehicle  within  the  specified 
tolerances . 
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APPENDIX  A 

NOTATION 

Symbol  Dimensionles  s  Form  Definition 

B  B'  =  -j- j — 2  Buoyancy  force,   positive  upward 

CB  Center  of  buoyancy  of  submarine 

CG  Center  of  mass  of  submarine 

I  I    *  = Moment  of  inertia  of  submarine  about  x  axis 


*  x        £p.t,B 


I 

v  "y     %piE 


Iv  Iv'  =  ;-~g  Moment  of  inertia  of  submarine  about  y  axis 


T  2 

I_  I     = g-  Moment  of  inertia  of  submarine  about  z  axis 

I   ■  I      '  =  t — ^g-  Product  of  inertia  about  xy  axis 

xy  xy      %  pi* 

I  1      '  =  ,  y  «  Product  of  inertia  about  yz  axes 

y*  yz      £pt5 

izx 

I  I      '  =  ■= b-  Product  of  inertia  about  zx  axes 


zx  zx 


$pl 


F 


K  K'  =  — — g — j  Hydrodynamic  moment  component  about  x 

aP*1    u"  axis  (rolling  moment) 

K* 

Rolling  moment  when  body  angle  (a,    0)  and 
control  surface  angles  are  zero 

Coefficient  used  in  representing  K#  as  a 
function  of  (?]- 1) 

First  order  coefficient  used  in  representing 
K  as  a  function  of  p 

Coefficient  used  in  representing  K  as  a  function 
of-  p 

Second  order  coefficient  used  in  representing 
K  as  a  function  of  p 

Coefficient  used  in  representing  K  as  a  function 
of  the  product  pq 


K* 

K*      £pt3u* 

% 

K      •  =  .  K*T7 

*v     |p-t3u2 

K 
P 

P        £pt<U 

K. 

P 

P       ^Pi5 

pIpI 

PlPI        ip-C? 

K 
P9 

K      '-     Kpq 

pq     £pt8 
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K 


qr 


K 


K 


K 


3JL 


K 


qr        ^pl* 

*r_ 
r    "  £p{/  U 


Coefficient  used  in  representing  K  as  a 
function  of  the  product  qr 

First  order  coefficient  used  in  representing 
K  as  a  function  of  r 


Coefficient  used  in  representing  K  as  a 
function  of  f 


K 


K. 
v 


K 


,.      Kv 


Kv 

K.'  =  — — 


First  order  coefficient  used  in  representing 
K  as  a  function  of  v 


Coefficient  used  in  representing  K  as  a 
function  of  v 


K 


Kv|v|  -j^r~ 


Second  order  coefficient  used  in  representing 
K  as  a  function  of  v 


K 


K 


K 


wp 


K 


6r 


K      '  =  -^3- 

vq     fcp-t* 


K, 


vw     "  |  pi3 
K       '  =-^P 


K 


*wr 


K      ■  -      K^r 
6r    "  i«/3T 


£pt3u' 


Coefficient  used  in  representing  K  as  a  function 
of  the  product  vq 

Coefficient  used  in  representing  K  as  a  function 
of  the  product  vw 

Coefficient  used  in  representing  K  as  a  function 
of  the  product  wp 

Coefficient  used  in  representing  K  as  a  function 
of  the  product  wr 

First  order  coefficient  used  in  representing 
K  as  a  function  of  6_ 


V  =  1 


Overall  length  of  submarine 


m 


M 


M. 


M 


PP 


M 


M 


W 


M. 

q 


M"  = 


M. 


M 


M 
£pi3U2 

.  mpp 


PP       \pC 


M>=J±L 


i     ipt« u 
qr?      ipt«  u 


M- 

q     jpt6 


Mass  of  submarine,    including  water  in  free- 
flooding  spaces 

Hydrodynamic  moment  component  about  y  axis 
(pitching  moment) 

Pitching  moment  when  body  angles  (a,    B)  and 
control  surface  angles  are  zero 

Second  order  coefficient  used  in  representing 
M  as  a  function  of  p.     First  order  coefficient  is 
zero. 

First  order  coefficient  used  in  representing 
M  as  a  function  of  q 

First  order  coefficient  used  in  representing 

M     as  a  function  of  (tj-1) 
q 

Coefficient  used  in  rapresenting  M  as  a 
function  of  q 
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M 


M 


qq| 


M, 


q|6s 


M 


*P 


M 


rr 


M 


vp 


M 


vr 


M 


M 


M 


WTJ 


M. 

w 


M, 


M, 


w  q 


M 


qLaJ 

5 


M 


M 


q|q|     "  ipZ* 

M|qJii 


M, 


LLP 


M 


M„r 


M 


rr         %pis 
M 


vp 


VP         £pt< 
M„, 


M      '  = - 
vr       £p-t< 

Mvv 

M        '    =  X-T3- 


M 


w        |pi3U 


WT»        £pi U 
Mu-, 


M.'   =  3—7-: 


M 


Mi 


w|         £pt3U 


Ml 


M 


lq 


|w|q    "  %P14 


Second  order  coefficient  used  in  representing 
M  as  a  function  of  q 

Coefficient  used  in  representing  M,     as  a 
function  q 

Coefficient  used  in  representing  M  as  a 
function  of  the  product  rp 

Second  order  coefficient  used  in  representing 
M  as  a  function  of  r.    First  order  coefficient 
is  zero 

Coefficient  used  in  representing  M  as  a 
function  of  the  product  vp 

Coefficient  used  in  representing  M  as  a 
function  of  the  product  vr 

Second  order  coefficient  used  in  representing 
M  as  a  function  of  v 

First  order  coefficient  used  in  representing 
M  as  a  function  of  vv 

First  order  coefficient  used  in  representing 
Mw     as  a  function  of  (r)-l) 

Coefficient  used  in  representing  M  as  a  function 
of  w 

First  order  coefficient  used  in  representing  M 
as  a  function  of  W;  equal  to  zero  for  symmetrical 
function 

Coefficient  used  in  representing  M„  as  a  function 
of  w 


M 


M, 


M 


w|w|tj 


M 


M 


M 


6b 


6s 


I 

irP-t 


"II—    — 5 T 


M, 


Mww 


M        '  s-, 


M 


M 


M 


6b 


&b      spt'u* 

bs    ~£p<,3U? 


Second  order  coefficient  used  in  representing 
M  as  a  function  of  w 


First  order  coefficient  used  in  representing 

Mi       ,  as  a  function  of  (77-1) 
w  |  w  I  ' 

Second  order  coefficient  used  in  representing 
Mas  a  function  of  w;  equal  to  zero  for  sym- 
metrical function 

First  order  coefficient  used  in  representing 
M  as  a  function  of  6. 


First  order  coefficient  used  in  representing 
M  as  a  function  of  6  c 


M 


5ST7 


M6stj  -ipTTT1 


First  order  coefficient  used  in  representing 
Mjs  as  a  function  of  (rj-1) 


7k 


N 


N- 


N 


N. 
P 


N 


pq 


N 


qr 


N'   : 

N 

ip^u2 

W.i 

N* 

"# 

fcp*aUa 

N    ' 

Np 

P 

£p<«U 

N    ' 

_     NP 

N 


P        ipt6 

pq     ^p-t6 

Nqr 
qr        £p-t6 


N 
N  '=  ■     r 
r       ipt*U 


Hydrodynamic  moment  component  about  z 
axis  (yawing  moment) 

Yawing  moment  when  body  angles  (or,  3)  and 
control  surface  angles  are  zero 

First  order  coefficient  used  in  representing  N 
as  a  function  of  p 

Coefficient  used  in  representing  N  as  a  function 
of  p 

Coefficient  used  in  representing  N  as  a  function 
of  the  product  pq 

Coefficient  used  in  representing  N  as  a  function 
of  the  product  qr 

First  order  coefficient  used  in  representing  N 
as  a  function  of  r 


N 


rrj 


N      '  =  ~ 


First  order  coefficient  used  in  representing 
Nr  as  a  function  of  (tj-1) 


N. 

r 


r        *P*6 


Coefficient  used  in  representing  N  as  a  function 
of  f 


N 


N, 


r|6r 


N 


N 


r   r 


r|r|     -^IT 

,t  N|r|6r 
1*1  6r        $pl*U 


Second  order  coefficient  used  in  representing 
N  as  a  function  of  r 


Coefficient  used  in  representing  N       as  a 
function  of  r 


N 


Nv 

N   ■  = 


v        |p-t3  U 


First  order  coefficient  used  in  representing  N 
as  a  function  of •  v 


N 


vtj 


N. 
v 


N 


N. 


yTL 


N.'  = 


v       $pl< 


First  order  coefficient  used  in  representing  Nv 
as  a  function  of  (tj-1) 


Coefficient  used  in  representing  N  as  a 
function  of  v 


N 


vq 


N, 


v!r 


Nvn 


vq        ±pl* 
N| 


Ivlr         Jpt4 


Coefficient  used  in  representing  N  as  a  function 
of  the  product  vq 


Coefficient  used  in  representing  Nr  as  a 
function  of  v 


N 


v|v| 


vl  vl  £p{,3 


Second  order  coefficient  used  in  representing 
N  as  a  function  of  v 


N 


v  |  v  |  T) 


N 


"vIvIt?   '      4p<.s 


First  order  coefficient  used  in  representing 
Nv|vl   as  a  *unction  °f  It?"  ') 
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N 


vw 


N 


wp 


N 


wr 


N, 


N 


1 
vw 

ipt3 

f       • 

= 

N 

wp 

i?l< 

r      « 

N'wr 

Nwr        |pi* 


Coefficient  used  in  representing  N  as  a  function 
of  the  product  vw 

Coefficient  used  in  representing  N  as  a  function 
of  the  product  wp 

Coefficient  used  in  representing  N  as  a  function 
of  the  product  wr 


N 


6r 


N 


6rr/ 


N6r        itpfju1 


N 


N6n 


6r7)        $pl3Uz 

u 


First  order  coefficient. used  in  representing  N 
as  a  function  of  6r 

First  order  coefficient  used  in  representing 

N«     as  a  function  pf  (77- 1)  • 

or 

Angular  velocity  component  about  x  axis 
relative  to  fluid  (roll) 


i.fi 


P    "U^ 


Angular  acceleration  component  about  x  axis 
relative  to  fluid 


=  _a£ 


u 


u^ 


Angular  velocity  component  about  y  axis  relative 
to  fluid  (pitch) 


Angular  acceleration  component  about  y  axis 
relative  to  fluid 


U 


r" 

r4 
"     U 

f' 

_    H2 

'  IF 

U' 

.  u_ 
"  u 

u' 

_    u 

"    U 

u' 

ut 
"   U2 

Angular  velocity  component  about  l  axis 
relative  to  fluid  (yaw) 


Angular  acceleration  component  about  2  axis 
relative  to  fluid 


Linear  velocity  of  origin  of  body  axes  relative 
to  fluid 


Component  of  U  in  direction  of  the  x  axis 


Time  rate  of  change  of  u  in  direction  of  the 
x  axis 


:  '  u 


Command  speed:  steady  value  of  ahead  speed 
component  u  for  a  given  propeller  rpm  when 
body  angles  (a,  B)  and  control  surface  angles 
are  zero.    Sign  changes  with  propeller  reversal 


U 


Component  of  U  in  direction  of  the  y  axis 


U2 


Time  rate  of  change  of  v  in  direction  of  the 
y  axis 
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u 

i  _  wt 

~    U2 


Component  of  U  in  direction  of  the  z  axis 


Time  rate  of  change  of  w  in  direction  of  the 
z  axis 


W 


w  = 


w 


fpt2U 


I7TT 


Weight,   including  water  in  free  flooding  spaces 


:B 


X    =  — 


x  •  =  Sa.' 

B     i 


Longitudinal  body  axis;  also  the  coordinate  of  a 
point    relative  to  the  origin  of  body  axes 

The  x  coordinate  of  CB 


.       *o 


The  x  coordinate  of  CG 


A  coordinate  of  the  displacement  of  CG  relative 
to  the  origin  of  a  set  of  fixed  axes 


X'  = 


qq 


rp 


rr 


£p£2U 


2tt2 


:    •  =  -xq.q. 
qq     ipi* 


k*p     |pt* 


Xrr 

rr    "IplT" 


Hydrodynamic  force  component  along  x  axis 
(longitudinal,    or  axial,   force) 

Second  order  coefficient  used  in  representing 
X  as  a  function  of  q.     First  order  coefficient 
is  zero 

Coefficient  used  in  representing  X  as  a  function 
of  the  product  rp 

Second  order  coefficient  used  in  representing 
X  as  a  function  of  r.     First  order  coefficient  is 
zero 


Xu    -fpP 


Coefficient  used  in  representing  X  as  a  function 
of  u 


UU        £pi2 


Second  order  coefficient  used  in  representing 
X  as  a  function  of  u  in  the  non-propelled  case. 
First  order  coefficient  is  zero 


'vr 


vr 


vv 


vr        $p(3 

x  •».£* 


Coefficient  used  in  representing  X  as  a  function 
of  the  product  vr 

Second  order  coeffient  used  in  representing  X 
as  a  function  of  v,  First  order  coefficient  is  zero 


vvtj 


,  _  Xvvtj 


vvtj     yv 


First  order  coefficient  used  in  representing  Xyv 
as  a  function  of  (t]-1) 


X 


Wq 


wq "  Ip-t3 


Coefficient  used  in  representing  X  as  a  function 
of  the  product  wq 


11 


WW 


V/W77 


k6b6b 


X 


6r6r 


'6r6rT] 


WW      "  £p{7~ 


■^m/Wti 
V  '   —  ' 


,       x6b6b 
6b6b    ~  |pt2U2 


,  _  X6r6r 


6r6r        |p^2U2 

,  _  X6r6r7? 
'6r6rrj     '  "fplTu2 


Second  order  coefficient  used  in  representing 
X  as  a  function  of  w.     First  order  coefficient  is 
zero 

First  order  coefficient  used  in  representing  Xww 
as  a  function  of  (77-  1) 

Second  order  coefficient  used  in  representing  X 
as  a  function  of  6^.     First  order  coefficient 
is  zero 

Second  order  coefficient  used  in  representing 

X  as  a  function  of  6r.    First  order  coefficient  is 
zero 

First  order  coefficient  used  in  representing 

X.     t      as  a  function  of  (77- 1) 
6r6r  ' 


'6s6s 


'6s6s     =  ^plzVz 


Second  order  coefficient  used  in  representing  X 
as  a  function  of  6S.     First  order  coefficient  is 
zero 


'6s6sT5 


,  _  x6s6sT? 
'&S&S77  Ip^u2 


First  order  coefficient  used  in  representing 

Xc     t     as  a  function  of  (77- 1) 
6s6s  ' 


=  X 


Lateral  body  axis;  also  the  coordinate  of  a 
point  relative  to  the  origin  of  body  axes 


yG 

y0 


Y* 


y    '-IS. 

,       yG 


Y'  = 


Y 


277? 


Y*'  = 


Y 


£p-t.2U2 


The  y  coordinate  of  CB 


The  y  coordinate  of  CG 

A  coordinate  of  the  displacement  of  CG  relative 
to  the  origin  of  a  set  of  fixed  axes 


Hydrodynamic  force  component  along  y  axis 
(lateral  force) 


Lateral  force  when  body  angles   (a,  /?)  and  control 
surface  angles  are   zero 


Y. 

P 


PIP 


P        £pt3U 
Y    ■-     YP 


=  Ip1pJ 


pip1 


kpV 


First  order  coefficient  used  in  representing 

Y  as  a  function  of  p 

Coefficient  used  in  representing  Y  as  a  function 
of  p 

Second  order  coefficient  used  in  representing 

Y  as  a  -function  of  p 
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pq 


y     i  = HS_ 

pq        £pt4 


Coefficient  used  in  representing  Y   as  a  function 
of  the  product  pq 


qr 


qr     _^T~ 

y  •  =  -Y-L- 
r      ipt3u 


Coefficient  used  in  representing  Y  as  a  function 
of  the  product  qr 


First  order  coefficient  used  in  representing  Y 
as  a  function  of  r 


"7 


Y      ■  =        TV 


First  order  coefficient  used  in  representing 
Y     as  a  function  of  (77-  1 ) 


Y. 

r 


Y.'  = 


Coefficient  used  in  representing  Y  as  a  function 
of  f 


|rl6i 


,  _  Ylr|6r 
|r|6r  "  ApiJU 

Y.. 


v       |pi2U 


Coefficient  used  in  representing  Y       as  a 
function  of  r 


First  order  coefficient  used  in  representing 
Y  as  a  function  of  v 


vT? 


V7] 


vlr| 


VV        |p£2U 
Y-, 


Y 


7& 


vq         $pl 

Y  ■-  Yv'rl 

vlr|     "  %pe 


First  order  coefficient  used  in  representing 
Yv  as  a  function  of  (77- 1) 

Coefficient  used  in  representing  Y  as  a 
function  of  v 


Coefficient  used  in  representing  Y  as  a  function 
of  the  product  vq 


Coefficient  used  in  representing  Yv  as  a  function 
of  r 


v|v| 


V  I  v  1 17 


w 


vlvj 


v  1  V 

1     £p-t2 

Yvlv 

It? 

V  j  V 
1 

\n       ?p-c2 

Y 

vw 

w. 

1 

£p-t2 

wp 

1 

?pt3 
.  Ywr 

Y 

v.  r         A~^3 


$PS 


Second  order  coefficient  used  in  representing 
Y  as  a  function  of  v 

First  order  coefficient  u?  ed  in  representing 
Yvt  v  j  as  a  function  of  (77-  1) 

Coefficient  used  in  repre    enting  Y  as  a 
function  of  the  product  w 

Coefficient  used  in  representing  Y  as  a 
function  of  the  product  wp 

Coefficient  used  in  representing  Y  as  a 
function  of  the  product  wr 


6r 


V       i  -        Jl 
6r      "    l,plz\J2 


First  order  coefficient  used  in  representing 
Y  as  a  function  of  &r 


6rr? 


JilTL 


6rr?     £p<,2u2 


First  order  coefficient  used  in  representing 
Y,     as    a  function  of  (77-  1) 
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Normal  body  axis;  also  the  coordinate  of  a 
point  relative  to  the  origin  of  body  axes 


'B 


The  z  coordinate  of  CD 


The  z  coordinate  of  CG 


A  coordinate  of  the  displacement  of  CG 
relative  to  the  origin  of  a  set  of  fixed  axes 


|-pi2U2 


z* 


*      i-pt2u2 


Hydrodynamic  force  component  along  z 
axis  (normal  force) 

Normal  force  when  body  angles  (a,  /3)  and 
control  surface  angles  are  zero 


PP 


qf? 


Z. 

q 


ql6s 


T 


Z    ••  =^E? 
§1 


PP        §p£* 


z.-ii 


q     |p^3u 


q*7     £P£3u 

Za 


q      £p-t< 

,  _  Zlq|&s 

'lq|6s       |pt3u 
Z.IP_ 


rP      |pt< 
z, 


rr 


\t>V 


Second  order  coefficient  used  in  representing 
Z  as  a  function  of  p.  First  order  coefficient 
is  zero 

First  order  coefficient  used  in  representing 
Z  as  a  function  of  q 

First  order  coefficient  used  in  representing 
ZQ  as  a  function  of  (77 -  1 ) 

Coefficient  used  in  representing  Z  as  a 
function  of  q 


Coefficient  used  in  representing  Z,         as  a 
r        *•  i-  6s 

function  of  q 


Coefficient  used  in  representing  Z  as  a 
function  of  the  product  rp 

Second  order  coefficient  used  in  representing 

Z  as  a  function  of  r.     First  order  coefiicient 
is  zero 


i-pi2u 


First  order  coefficient  used  in  representing 
Z  as  a  function  of  w 


v/77 


Z  . 

w 


Z         '   -  V-T? 


2    •  -  .. 

w   ~  £p!7 


First  order  coefficient  used  in  representing 
Zw  as  a  function  of  (77- 1) 

Coefficient  used  in  representing  Z  as  a 
function  of  \v 


'w|q| 


ip-C/U 


•  ■^"daJ 


'whl     '  iPi3' 


First  order  coefficient  used  in  representing 
Z  as  a  function  of  v/j  equal  to  zero  for  sym- 
metrical function 


Coefficient  used  in  representing  Z      as  a 
function  of  q  w 
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Second  order  coefficient  used  in  representing 
Z  as  a  function  of  w 

First  order  coefficient  used  in  representing 

Z     ■      .   as  a  function  of  (t)-1) 
w  |  w  I  •      ' 

Second  order  coefficient  used  in  representing 
Z  as  a  function  of  w;  equal  to  ?.ero  for  sym- 
metrical function 

Z6b 
2.,,  Z      '  =  ; — r-  First  order  coefficient  used  in  representing  Z 

6b  as  a  function  of  6b 


^Wlvl 

,        Zwlv/| 

w|w|        ±pl* 

Zv|wltj 

2                ,    _    Zw|w|n 

z 

WW 

,  _    Zww 

w        ioJ* 

4-p^2u2 

Z6s 

*p^2u2 

.  _    Z6^ 

Zc  Z       '  =  First  order  coefficient  used  in  representing 

Z  as  a  function  of  6g 

Z,  Z,      '  =  — — -J— ■,  First  order  coefficient  used  in  representing 

6sr>  6s7>         hpl'V2  Z       as  a  function  of  (Tj-l) 

0  s 

a  Angle  of  attack 

3  Angle  of  drift 

&k  Deflection  of  bowplane  or  sailplane 

6  Deflection  of  rudder 

6  Deflection  of  sternplane 

s  * 


u 


c 


•n  The  ratio 

8  Angle  of  pitch 

<b  Angle  of  yaw 

0  Angle  of  roll 

a.,  b.,    c.  Sets  of  constants  used  in  the  representation  of 

propeller  thrust  in  the  axial  equation 
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APPENDIX   B 
EXPRESSIONS  FOR  THE  LONGITUDINAL  TRANSFER  FUNCTION  COEFFICIENTS 

The  longitudinal  characteristic  equation  is 

AT  =  As'4  +  Bs'3  +  Cs'2  +  Ds'    +  E 

Long 

where 

A  =    (m'    -  X'-)(m'    -   Z'-)(I'    -  M'-)    -  X'-M'-Z'-    -   Z'-M'-X'- 
u  wy  q  wuq  uwq 

-  (m'    -  Z'-)M'-X'-    -  Z'-X'-(I'    -  M'O    -  M'-(m'    -  X'-)Z'-    . 

wuq  uwy  q  w  uq 

B  -  -   (m*    -  X'-)(m»    -  Z'-)M'    -  Z'(m'    -  X'-)(I'    -  M'-) 
u  w     q  w  u        y  q 

-  X'(m'    -  Z'-)(I'    "  M'O    -  X'-M*-(Z'    +  m')    -  M'X'-Z'-    -  M'-X'Z'- 

u  wy  q  wuq  uwq  uwq 

-  Zf'M'-X'    -  Z'-M'Z'-    -  Z'M'-X'-    -    (m'    -  Z'OM'-X'    -  M'(m'    -  Z'OX'; 

u"^wq  uwq  uwq  wuq  u  wq 

+  M'-Z'X'*    +  Z'-X'-M'    -   Z'X'-CI*    -  M'«)    -   Z'-X'U'    -  M'-) 
uwq  uwq  uwy  q  uwy  q 

-  M'^Cm'    -  X'-)(Z'    +  m')    -  M'(m*    -  X'-)Z'*   +  M'-X'Z'-    . 

w  u        q  w  u        q  wuq 

C  =  -    (m'    -  X'-)(m'    -  Z'-)M'    +  Z'(m'    -  X'-)M'   +  X'(m'    -  Z'-)M' 
u  wy    8  w  u      q  u  w'    q 

+  Z'X'(I'    -  M'-)    -  X'-M'-Z'    -  M'X'-(Z'    +  m')    -  M'-X'(Z'    +  m*) 
wuy  q  wu9  uwq  uwq 

-  Z'-M'-X'    -   Z'-M'X'    -   Z'M'-X'    -   Z'M'X'-    -    (m'    -  Z'-)M'-X! 

uw8  uwq  uwq  uwq  wu8 

-  M'(m'    -   Z'-)X'    +  M'-Z'X'    +  Z'M'X'-    +  Z'-X'-M'    +  Z'X'-M'    +  Z'-X'M' 

u  wq  uwq  wuq  uw9  uwq  uwq 

-  X'Z'(I'    -  M'-)    -  M'-(m»    -  X'-)Z!    -  M'(m'    -  X'-)(Z'   +  m') 

wuy  q  w  u     9  w  u        q 

+  M'-X'(Z'    +  m')    +  X'M'Z'-    -  M'X'Z'-    . 
wuq  uwq  uwq 


82 

D  -   Z'M!(m'    -  X'«)    +  X'(m'    -  Z'«)M'    -   Z'X'M'    -  M'X''Z'    -  M'-X'Z! 
w9  u  u  w      9  wuq  uw0  uw8 

-  M'X'(Z'   +  ra')    -  Z'-M'X'    -  Z'M'-X'    -  Z'M'X'      -  M' (m'    -  Z'-)X' 
uwq  uw9  uw9  uwq  u  w      9 

+  M'«Z'X'    +  Z'M'X'   +  Z'X'-M!   +  Z'«X»M!   +  X'Z'M'    -  M' (m'    -  X'-)Z' 
uw9  wuq  uw0  uw0  wuq  w  u      9 

+  M'-X'Z!   +  M'X'(Z'    +  m')    . 
w  u   9  wuq 

E  «  -  Z'X'M!  -  M'X'Z!  -  Z'M'X'  +  Z'M'X!  +  X'Z'M*  +  X'M'Z'  . 
wu9    uw0    uw9    wu9    wu9    uw9 


The  pitch  response  transfer  function  is 

N9  2 

5      A.s'   +  B.s'  +  C, 

9/6  =   S  9 


s   AT  AT 

Long         Long 


where 


A0   =  Ml    (m*    -   X'-)(m*    -   Z'-)    +  Zl   X'-M*-    +  X!    Z'-M'-    -  Ml   X'-Z'- 
85  u  w6wuouw5wu 

e  e  e  e 

+  X!    (m'    -   Z'-)M'-    +  Z!   M'-(m'    -  X'-)    . 
6  w       u  6        w  u 

e  e 

B0  =  -  M!    (m'    -  X'-)Z'    -  Ml   X'(m'    -  Z'-)   +  Z\   X'-M'   +  Z\   X'M'- 
o  6  uw6u  w  owuowu 

e  e  e  e 

+  XI    Z'-M'    +  X\    Z'M*-    -  M!    X'-Z*    -  Ml    X'Z'-    +  XI    (m'    -   Z'-)M' 
ouw  ouw  owu  OWU  0  wu 

e  e  e  e  e 

-  XI    Z'M'-    -   Zl   M'-X'    +  Zl    M'(m'    -  X'-)    . 
<5     w     u  5wu  6     w  u 

e  e  e 

cfl  =  m:  x'z'  +  z\  x'm'  +  x;  z'm'  -  m;  x'z'  -  x;  z'm'  -  z;  M'X'  . 

«  6      u  w  owu  ouw  owu  owu  owu 

e  e  e  e  e  e 

The  vertical  velocity  transfer  function  is 
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W'  S  W  W  WW 


N  3  2 

6_  As'      +  B  s'      +  C  s»   +  D 


6  A_  AT 

s  Long  Long 


where 


A     -   Zl    (m'    -  X'-)(I'    -  M'-)   +  XI   M'-Z'-   +  Ml   Z'-X'-    -  Zl   M'-X'- 
w         6  uy  qouqouqouq 

e  eee 

+  XI    Z'-(I'    -  M'-)   +  MI    (m'    -  X'-)Z'-    . 
6e      u      y  q'  6ev  u'      q 

B     -  -  Zl    (m1    -  X'-)M'    -  zl   X'(I'    -  M*-)   +  XI   M'Z»-   +  XI  M'»(Z'   +  m') 
w  o  nq  6      u     y  q  6      u     q  <5        u     q 

e  n  e  ^  eMe 

+  mi  z'-x'  +  mi  z'x'-  -  zi  m*-x'  -  zi  m'x1*  -  xi  z'-m' 

o        uq  6uq  6        uq  6      u     q  5        uq 

e  e  en  en  e 

+  XI    Z'(I'    -  M'-)    +  MI    (m'    -  X'-)(Z'    +  m')    -  Ml   X'Z'-    . 
<5      u      y  q  6  uq  6uq 

e  ^  e  n  e         n 

C      =   -   Zl    (m'    -  X'-)M*    +  Zl   X'M'    +  XI   M'-Z'    +  XI   M'(Z»    +  m')    +  MI    Z'-X» 
w  6  u     8  6      u  q  6        u   9  6      u     q  6        u  8 

e  e  e  e  e 

+  Ml    Z'Z'    -   ZL   M'-Xl    -  Zl   M'X1    -  Xi    Z'-Ml    -  XI    Z'M'    +  Ml    (m'    -  X*-)Z' 
6uq  6u8  6uq  5        u   8  6      u  q  6  u8 

e  e  e^e  ee 

-  MI   X'(Z'    +  m*). 
o      u     q 
e  n 

D     =  Zl   X'M'   +  XI  M'Z'   +  M'    Z'X'    -  Zl  M*X»    -  XI   Z'M'    -  Ml   X'Z'    . 
w  ou"  ouo  OUo  ouo  o      u   9  ouo 

e  e  e  e  e  e 

The  forward  speed  transfer  function  is 

Nu  "\  7 

,  6  As'+Bs'+Cs'+D 

U  S  U U 11 u 

<5      ~  AT  "  "  AT 

s  Long  Long 

where 

A     =  XI    (m'    -  Z'.)(I'    -  M'-)   +  MI   X'-Z'-   +  Zl  M'-X'-   +  Ml    fm'    -  Z'-)X*; 
u  o  wy  q  <5        w     q  owq  6  wq 

e  ^  ^  e  n  e  e 

+  Zl   X'-(I'    -  M'-)    -  XI  M'-Z'-    . 

6        w     y  q  owq 

e  J  n  e  ^ 
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B      -  -  XI    (m1    -  Z'-)M'    -  XI    (I'    -  M'-)Z'    +  MI   X'-(Z'    +  m')    +  Ml    X'    Z'- 

u  6  w'    q  o        y  qwOwq  '  6      w        q 

e  e  e  e 

+  Zl   M'-X'   +  Z]   M'X'«   +  MI    (m'    -  Z*«)Xr   -  Ml    Z'X'-    -  Zl   X'-M' 

6wq  6wq  6  wq  6      w     q  6        w  q 

eee  e  e         ^ 

+  Zl   X'(I'    -  M'O    -  XI   M'-(Z'    +  m')    -  XI   M'Z'-    . 
owy  q  6wq  owq 

e  e  e 

C     =   -  XI    (m'    -   Z*«)Ml   +  XI    Z'M'    +  Ml    X'«Z'    +  Ml    X'(Z'    +  m')   +  Zl   M'«Xl 
u  6  w      8  5wq  6        w  6  6      w     q  6w6 

e  e  e  e  e 

+  ZI   M'X'    +  Ml    (m'    -  Z'«)X'    -  MI    Z'    X'    -   Zl   X' -M'    -   Zl    X'M' 
5wq  <5  w8  owq  6w8  6wq 

ee  ee  e 

-  XI   M'-ZI    -  XI   M'(Z'   +  m')    . 
6        w   8  6      w     q 

e  e 


D     =   XI    Z'M'    +  Ml    X'ZI   +  Zl   M'XI    -  Ml    Z'Xl    -   Zl   X'M!    -  XI   M'Z! 
u  6w9  6      w   9  6w8  5      w   8  6      w   8  5w9 

e  e  e  e  e  e 
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EXPRESSIONS  FOR  THE  LATERAL  TRANSFER  FUNCTION  COEFFICIENTS 

The  lateral  characteristic  equation  is 

AT         =  s'(As'4  +  Bs'3  +  Cs'2  +  Ds'   +  E) 
Lat 

where 

A  =    (m'    -  Y'-)(I'    -  N'-)(I*    -  K'«)    +  N'«(-   I'      -  K'-)Y'- 
v       z  r       x  p  v         xz  r       p 

+  Y''K'«(-    I'      -  N'-)    -  N'-Y'«(If    -  K'«)    -  K'«(I'    -  N'«)Y'« 
rvxz  p  vrx  p  vz  rp 

-  (m'    -  Y'-)(-  I1      -  N'-)(-  I'      -  K'-)    . 

v  xz  p  xz  r 

B   =  -    (m'    -  Y'-)(I'    -  N'-)Kf    -  N'dn'    -  Y'-)(I'    -  K'-) 
v       z  r     p         r  v       x  p 

-  Y'(I*    -  N'«)(I'    -  K'-)    +  N'-(-   I'      -  K'OY1    -  N'-K'Y'* 

v     z  r       x  p  v         xz  r     p  v  r     p 

+  N*(-   I'      -  K'-)Y'-    -  Y'-K'-N'    +  Y?«K'(-   I'      -  N'«) 
v         xz  r       p  r     v  p  r  v         xz  p 

-  (m*    -  Y')K'.(-   I»      -  N'-)   +  N'-Y'-K'   +  N'-(m'    -  Y')(If    -  K'-) 

r       v         xz  p  v     r  p  v  r       x  p 

-  N'Y'-CI'    -  K'-)    -  K'-(I'    -  N'-)Y'    +  K'-N'Y''    -    (I'    -  N'OK'Y1- 

vrx  p  vz  r     p  vrp  z  rvp 

+   (m*    -  Y'-)(-   I'      -  K'-)N*   +   (m'    -  Y*-)K'(-   I'      -  N'-) 
v  xz  r     p  v     r         xz  p 

+  Y'(-  I'      -  K'-)(-  I'      -  N*-)    . 
v  xz  r  xz  p 
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C  -  N'On'    -  Y'-)K'    -    (m'    -  Y'«)(I'    -  N'-)K!    +  Y'(I'    -  N'*)K' 
r  v     p  v        z  r '   <p  v     z  r     p 

+  N'Y'(I'    -  K*-)   +  N»'(-   I'      -  K'-)Y!    -  N'-K'Y'    +  N'(-   I'      -  K'-)Y' 
rvx  p  v         xz  r     ♦  vrp         v         xz  r     p 

-  N'K'Y'-    -  Y'-K'-N!    -  Y'-K'N'    +    (m'    -  Y')K''N' 

vrp  r     v  <t>  rvp  rvp 

-  (m'    -  Y*)K'(-   I*      -  N'-)    +  N'-Y'-K!    -  N'-(m'    -  Y')K'    +  N'Y'-K' 

rv         xz  p  v     r  4>  v  r     p         vrp 

+  N'Cm'    -  Y')(I?    -  K*-)    -  K'-(I'    -  N'-)Y!    +  K*-N'Y'    -    (I'    -  N'*)K'Y' 
v  rx  p  vz  r4>  vrpz  rvp 

+  K'N'Y'-    +    (m1    -  Y'-)(-   I'      -  K'-)N!    -    (m'    -  Y*-)K'N' 
vrp  v  xz  r     <t>  vrp 

-Y'(-I'      -  K'-)N'      -  K'Y'(-   I'      -  N'-)    . 
v  xz  r     p  r  v  xz  p 

D  =  N'(m?    -  Y'-)K!    +  Y'(I'    -  N'«)K!    -  N'Y'K'    -  N'-K'Y! 
r  v<}>  vz  r<p  rvp  vr<p 

+  N'(-   I'      -  K'«)Y!    -  N'K'Y'    -  Y'-K'N!    +    (m'    -  Y')K'*N! 
v         xz  r<t>         vrp  rv<t>  rv<p 

+    (m'    -  Y')K'N'    -  N*-(m'    -  Y')K!    +  N'Y'-K!    -  N'(m*    -  Y')K'    +  K'-N'Y' 
rvp  v  r     $         v     r  <}>         v  r     p  v  r  $ 

-  (I'    -  N'-)K*Y!   +  K'N'Y'    -    (m'    -  Y'-)K'N!    -  Y'(-   I'      -  K'-)N! 

z  rv<p  vrp  vr<p  v  xz  r<p 

+  K'Y'N'    . 
rvp 

E   =   -  N'Y'K'    -   N'K'Y'    +    (m'    -  Y')K'N'    -  N'(m'    -   Y')K'    +  K'N'Y'    +  K'Y'N' 
rv<J>         vr<j>  rv<|)         v  r<f>         vr<J>  rv<() 

The   sideslip   transfer   function   is 


\         s'(Aes-3  +  BeS'2  +  V'+DB) 


6  A  A 

R  Lat  Lat 
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where 

A.    =  Y!    (I'    -  H'Od'    ~  K'«)    -  N]    (-   I'      -  K'-)Y'-    -  Kl  Y'-(-  I'      -  N'-) 
3  5        z  r'      x  p'  6  xz  r'      p  6        r         xz  p 

r  r  r  r  r 

+  Nl   Y'-(I'    -  K'O   +  K'    (I'    -  N'OY''    -  Y'    (-   I1      -  K'«)(-   I'      -  N'«) 
6        r     x  p  6        z  r'      p         6  xz  r  xz  p' 

r  r  r  r  r 

BQ  =  -  Yl    (!'    -  N'«)K'    -  YI   N'(I'    -  K'«)    -  Nl    (-  I'      -  K'«)Y'   +  N]   K'Y'* 

p  6       z  rp         orx  p  5  xz  rp         6rp 

r  rr  r  r  rrr 

+  Kl   Y'-N'   +  Kl    (m»    -  Y')(-   I'      -  N'«)    -  Nl  Y'«K' 
6r     r  p  5    v  r'  xz  p'  ^     rp 

-  (m1    -  Y')NI    (I'    -  K'-)    +  Kl    (I*    -  N'-)Y'    -  Kl   N'Y'« 

r     6       x  p  6        z  rp  6rp 

r  r  r  r         r 

+  Y]    (-   I'      -  K'-)N'   +  Yl   K'(-   I'      -  N'«)    . 
6  xz  r     p         o     r         xz  p 

r  r  K 

C0   =  -  Y'    (I'    -  N'-)K!   +  Yl   N'K'    -  Nl    (-  I'      -  K'«)Y!   +  Nl   K'Y' 
0  6vz  r     <J>  6rp  5  xz  r     4>  6rp 

r  r  r  r 

+  Kl   Y'-N!    -  Kl    (m'    -  Y')N'    -  Nl   Y'.K'   +   (m'    -  Y')Nl   K' 
<j        r  <p  o  rp  o        r  <J>  rop 

rr  rrr  rr 

+  K'    (I'    -  N'-)Y!    -  N'K'    Y'   +  YI    (-  I'      -  K'-)N'    -  Yl   K'N'      . 
6        z  r'    d>  r  5     p  6  xz  rd>  6rp 

r  r  r  r  r 

Da   =  YI  N'K!   +  Nl  K'Y'    -  Kl    (m'    -  Y')N'   +   (m'    -  Y»)Nl   K!    -  N'Kl.  Y! 

6  5     r  4>  6     r  <t>  6  r     <t>  r     6     <J>  r  6     <J> 

rTrrr  t  rrT 

-  YI   K'N'      . 

6     r  <j> 
r 

The  roll  transfer  function  is 

♦  _Nl    ^y'  +  y  +  v 

6R  "  ^Lat  "         *Lat 
where 
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A     -=  k:    (m'    -  Y'.)(I'    -  N';)    -  Y»    N'.(-   I'      -  K'-)   +  Nl   K'-Y'- 
90  v        z  r  0        v  xz  r  ovr 

-  Kl   N'-Y'-    +  Yl   K'«(I»    -  N'«)    -  Nl    (m'    -  Yf-)(-   I*      -  K'-)    . 

6        v     r  5        v     z  r  6  v  xz  r 

r  r  r 

B      =  -  Kl    (m'    -  Y'-)N'    -  KI    Y'(I'    -  N'«)    +  Yl    N'-K*    -  Yl    N'(-   I'      -  K'-) 
<J>  5  v     r  6      v     z  r  6        v  r  6      v  xz  r 

r  r  r  r 

-  Nl    K'-(m*    -  Y')    +  Nl   K'Y'«    +  Kl   N'-(m'    -  Y')    -  K!   N'Y'-    -  Yl    K'-N' 

6        v  r  6      v     r  <5        v  r  6      v     r  5        v  r 

r  r  r  r  r 

+  Y]   K'(I*    -  N'-)   +  Nl    (m'    -  Y'-)K'   +  Nl   Y'(-   I'      -  K'-)    . 
6     v     z  r  6  v     r         6     v         xz  r 

r  r  r 

C.    =  KI   Y'N*    +  Yl   N'K'    -  Nl   K'(m'    -  Y')    +  K!    N*(m'    -  Y')    -  Yl    K'N' 
<t>         6vr         ovr         0     v  r  0     v  r  ovr 

r  r  r  r  r 

-  N]    Y'K'     . 

6     v  r 

r 

The  yaw  transfer  function  is 

V  A,s,J  +  B,s'      +  C.s'    +  D, 

$„   "  AT  AT 

R  Lat  Lat 


where 

A,  =  Nl    (m'    -  Y'-)(I'    ~  K*")    +  KI    N»-Y'-    -  Y!    K'-(-   I'      -  N'-) 
\b         6  v       x  p  5vp         6       v         xz  p 

r  r  r 

+  Yl   N'-(I'    -  K'-)    -  N!   K'-Y'-    -  K!    (m'    -  Y*-)(-   I'      "  N'*)    . 
6        v     x  p  6        v     p  6  v  xz  p 

r  r  r  r 

B,  -  -  N]    (m'    -  Y'-)K'    -  N]    Y'(I'    -  K'-)    +  Kl   N'-Y'    +  Kl   N'Y'- 
]h  6  vp  5      v     x  p  6        v  p  ovp 

r  r  r  r  rrrrr 

+  Y]    K*-N'    -  Y!    K'(-   I'      -  N'-)    -  Yl    N'-K'    +  Y'    N*(I*    -  K'-) 
6        v  p  ovxz  p  ovp  ovx  p 

r  K  r      '  rrr 

-  Nl    K'-Y'    -  N]    K'Y'-      +  Kl    (m'    -  Y'-)N'      +  Kl   Y'(-   I'      -  N'-) 
ovp  6     v      p  0  vp  ov  xz  p 

rrr  r 
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C.    -  -  NI    (m'    -  Y'.)K!   +  N'    Y'K'   +  Kl  N'»Y'   +  K]  N'Y'   +  Y]  K'*N' 

4>  5  v     A  6     v  p  6       v  A  6     v  p  6       v  A 

+  y;  k'n'  -  y:  n'-k;  -  yi  n'k'  -  ni  k'«y'  -  n;  k'y'  +  k;  (m'  -  y'on! 

6     v  p  5       v  A  6     v  p  6       v  A  6vp  5  v     A 

rr  rr  rr  rr  r  r 

-  k:  y'n'  . 

5r  v  p 


D.    =  N{  Y'K!   +  Kl  N'Y'   +  YI  K'N'   -  Yi  N'K!    -  Ni  K'Y'   -  Kl  Y'N'    . 

i>  6      v  A  6      v   4  6     v  *  6      v  d>  6     v  A  6      v  A 

r  r  rT  rr  r  r 


C23456 
C 
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APPENDIX  C 
VERTLIN.FORT 


REAL  A,B,C,D,E 

INTEGER  NDEG,IER 

READC4,*)  WT,XUD,ZWD,RIY,XL,U 

READC  4, *)  RMUD , Z2D , XWD , RM2D , RMWD 

READC4,*)  X2D,ZUD , RM2, ZW, XU , Z2 

READC  4  ,  *  )  RMU,  XW,  X2, ZU,  RMTHET 

READC  4, *  )  ZTHETA,XTHETA,RMW,XDE,ZDE, RMDE 


REAL  A1  C5)  ,  A2C 3)  ,  A3C 4)  , A  4 C 4 ) 
COMPLEX  Z1 C4) , Z2C2  )  ,Z3C 3) ,Z4C 3) 


WRITEC  6,15) 
15    FORMATC IX, 'IN  WHAT  FORMAT  DO  YOU  WANT  THE  ANSWER?',/, 

1  '     DIMENSIONAL        WRITE  1',/, 

2  '     NONDIMENSIONAL    WRITE  0') 
READC7, 20  )  J 

IF  C J)  2,2,1 

1  WRITEC5,4) 
WRITEC  6,4) 

4  FORMATC  1X,  'OUTPUT  VALUES  ARE  IN  DIMENSIONAL  FORM') 
GO  TO  3 

2    WRITEC 5, 5) 
WRITEC6,5) 

5  FORMATC  1X,  'OUTPUT  VALUES  ARE  IN  NONDIMENSIONAL  FORM') 
3      CONTINUE 

2  0    FORMATC 11) 


XLU=XL/U 

XLU2=XLU*XLU 

XLU3=XLU2*XLU 

XLU4=XLU3*XLU 

XLU5=XLU4*XLU 
C 
C 

C 

A=  CWT-XUD)*CWT-ZWD)*CRIY-RM2D)-XWD*RMUD*Z2D-ZUD*RMWD*X2D 

1  - C WT-ZWD )* RMUD *X2D-ZUD* XWD *CRIY-RM2D) -RMWD *C WT-XUD )*Z2D 
C234567 
C23456739  1 1234567892 1234567893 1234567894  1234567895  1234567896  12345 

B=  -( WT-XUD)*CWT-ZWD)*RM2-ZW*CWT-XUD)*CRIY-RM2D) 

1  -XU*CWT-ZWD )*CRIY-RM2D)-XWD*RMUD'*CZ2  +  WT)-RMU*XWD*Z2D 

2  -  RMU  D  *  XW*  Z  2  D-ZU  D  "*  RMWD  *  X2-ZU  D  *  RMW*Z  2  D-ZU'*  RMWD  *X2D-(  WT-ZWD)* 

3  RMUD*X2-RMU*  C WT-ZWD ) *X2D+RMUD*ZW*X2D+ZUD*XWD*RM2 

4  -ZU*XWD*CRIY-RM2D  )  -ZUD*XW* C RI Y-RM2D ) -RMWD* ( WT-XUD ) * C Z2  +  WT ) 

5  -RMW* ( WT-XUD )*Z2D+RMWD*XU*Z2D 


C 
C 


C=   -(WT-XUD)* (WT-ZWD)* RHTHET+ZW* (WT-XUD )  *RM2  +  XU* ( WT-ZWD ) * 
RM2 +ZW*XU*(RI Y-RM2D) -XWD* RMUD* ZTHETA-RMU* XWD* CZ2+WT) - 


u 
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2 
3 
4 
5 
6 

C 

C234567 

1 
2 
3 


RMUD*XW*CZ2+WT)-ZUD*RMWD*XTHETA-ZUD*RMW*X2-ZU*RMWD*X2~ZU*RMU: 

X2D-CWT-ZWD)*RMUD*XTHETA-RMU*CWT-ZWD)*X2+RMUD*ZW*X2+ 

ZW*RMU*X2D+ZUD*XWD*RMTHET+ZU*XWD*RM2+ZUD*XW*RM2~ 

XW*ZU*CRIY-RM2D)-RMWD*CWT-XUD)*ZTHETA-RMW*CWT-XUD)* 

CZ2+WT)+RMWD*XU*(Z2+WT)+XU*RMW*Z2D-RMU*XW*Z2D 


D  = 


4      -RMW*(WT-XUD)*ZTHETA+RMWD*XU*ZTHETA+RMW*XU*CZ2+WT) 
C2345678911234567892123456789312345678941234567895123456789612345 
C 

E=   -ZW*XU*RMTHET-RMU*XW*ZTHETA-ZU*RMW*XTHETA+ZW*RMU*XTHETA 

1      +XW*ZU*RMTHET+XU*RMW*ZTHETA 


IF( J)  22,22,21 
21    A=A*XLU4 
B  =  B  *  X  L  U  3 
C=C*XLU2 
D=D*XLU 


22    WRITE(5,50) 
WRITEC  6,50) 
50    FORMATC 1X, 'COEFFS .  OF  CHARACTERISTIC  E2UATI0N',/) 
WRITEC  5,51) 
WRITEC  6,51) 
5  1      FORMAT C7X,  'A',  14X,  'B',  14X,  TCf,  14X,  *D',  14X,  fE') 
WRITEC  5,  100)A,B,C,D,E 
WRITEC  6,  100)A,B,C,D,E 
100    FORMATC  1X,5E  14. 6  ,/  ) 
NDEG=4 
A1  (  1  )=A 
A1  (2)=B 
A1  ( 3)=C 
A1  C4)=D 
A1  C5)=E 
C 
C 

CALL  ZPOLRC A1 ,NDEG,Z1 ,IER) 
C23456789 
C 
C 

WRITEC5, 200 ) 
WRITEC6 , 200) 
200   FORMATC  1X,  *  ROOTS  OF  CHARACTERISTIC  E2UATI0N',/) 
WRITEC  5 , 205) 
WRITEC 6 , 205) 
205   FORMATC 10X,'REAL',11X, 'IMAGINARY' ) 
C 

WRITEC  5,201)  Z 1 
WRITEC6,201)  Z1 
I   201   FORMATC  IX  ,  2F16 . 6 ,//) 
C 
C 
C   PITCH  RESPONSE  TRANSFER  FUNCTION  NUMERATOR  POLYNOMIAL 
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ATHETA  =   RMDE*CWT-XUD)*(WT-ZWD)+ZDE*XWD*RMUD+XDE*ZUD*RMWD 
1    -RMDE*XWD*ZUD+XDE*CWT-ZWD)*RI1UD+ZDE*MWD*(WT-XUD) 
C 

C234567 

BTHETA  =   -RMDE*CWT-XUD)*ZW-RMDE*XU*CWT-ZWD)+ZDE*XWD*RMU+ 

1  ZDE'*XW*RMUD  +  XDE*ZUD*P.MW  +  XDE*ZU*RMD-RMDE*XWD*ZU 

2  -RMDE*XW*ZUD+XDE*  (  WT-ZWD  )  *RMU-XDE*ZW*RMUD 

3  -ZDE*RMWD*XU+ZDE*RMW*CWT-XUD) 
C 

c 

CTHETA  =  RMDE*XU*ZW+ZDE*XW*RMU+XDE*ZU*RMW-RMDE*XW*ZU 
1   -XDE*ZW*RMU-ZDE*RMW*XU 
C2345678 
C 

IF( J)  32,32,31 
31     ATHETA  =ATHETA*XLU2 
BTHETA  =BTHETA*XLU 


C 
C 

C 
C 


32    WRITEC5,52) 
WRITEC  6,52) 

52  FOP.MATC  1X,  'PITCH  POLYNOMIAL  COEFFICIENTS'/) 
WRITEC  5,53) 

WRITE ( 6,53) 

53  FORMAT (7X,  'ATHETA'  ,9X,  'BTHETA'  ,9X,  'CTHETA'  ) 
WRITEC 5, 100)  ATHETA, BTHETA, CTHETA 

WRITEC  6,100)  ATHETA, BTHETA, CTHETA 

NDEG=2 

A2C  1  )=ATHETA 
A2  C  2  )  =BTHETA 
A2C  3)  =CTHETA 


CALL  ZPOLRC A2 ,NDEG,Z2 ,IER) 

WRITEC5, 54) 
WRITEC  6,54) 
54    FORMATC 1X, ' ROOTS' ) 
WRITEC5, 205) 
WRITEC  6 , 205) 
WRITEC  5,20  1)  Z2 
WRITEC  6,201)  Z2 
C 

C   VERTICAL  VELOCITY  TRANSFER  FUNCTION  NUMERATOR  POLYNOMIAL 
C 

AW  =  ZDE* (WT-XUD)-*CRIY-RM2D)+XDE*RMUD*ZOD+RMDE*ZUD*X2D-ZDE*RMUD 
1      *X2D  +  XDE1CZUD*CRIY-RM2D)+MDE*CWT-XUD)*Z2D 
C234567 
C 

BW  =  -ZDE*CWT-XUD)*RM2-ZDE*XU*CRIY-RM2D ) +  XDE*P.MU*Z2D  +  XDE* RMUD 
1      *CZ2+WT)+MDE*ZUD*X2+RMDE*ZU*X2D-ZDE*RMUD*X2-ZDE*RMU*X2D 
'.  2      -XDE*ZUD*RM2+XDE*ZU* CRIY-RM2D)+RMDE*CWT-XUD)* CZ2+WT) 

3      -RMDE*XU'*Z°D 
C23456789  11  234567892 1234567893 1234567894 1234567895 1234567896 12345 

CW  =  -ZDE* ( WT-XUD  )  *RMTHET  +  ZDE*XU * RM2  +  XDE * RMU D* ZTHET A  +  XDE* RMU 
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1  *CZ2+MT)+RMDE*ZUD*XTHETA+RMDE*ZU*Z2-ZDE*RMUD*XTHETA 

2  -ZDE*RMU*X2-XDE*ZUD*RMTHET-XDE*ZU*RM2+RriDE*(MT-XUD  ) 

3  *ZTHETA-RMDE*XU*CZ2+MT) 

DW  =  ZDE*XU*RnTHET+XDE*RMU*ZTHETA+RMDE*ZU*XTHETA 
1     -ZDE*RMU*XTHETA-XDE*ZU*RMTHET-RMDE*XU*ZTHETA 


IF(J)  42,42,41 

41  AU=AW*XLU3 
BM=BM*XLU2 
CW=CU*XLU 

C 

c 

42  MRITEC  5,  105) 
WRITEC6 ,105) 

105  FORMATC 1X, ' VERTICAL  VELOCITY  COEFFICIENTS',/) 
MRITEC5, 106 ) 

MRITEC  6,106) 

106  FORMAT  (7X,  '  AM'  ,  9X,  'BM'  ,  9X,  'CM'  ,  9X,  'DW  ) 
MRITEC 5, 100)  AM, BM, CM, DM 
MRITE(6,100)  AM, BM, CM, DM 


NDEG=3 
A3(  1  )=AM 
A3( 2)=BM 
A3( 3  )  =CM 
A3( 4) =DM 


CALL  ZPOLRC A  3 , NDEG , Z3 , IER ) 


MRITEC5, 202) 

MRITEC  6 , 202 ) 
202    FORMATC IX, 'ROOTS' ) 

MRITEC5, 205) 

MRITEC  6 , 205) 

MRITEC  5,20  1)  Z3 

MRITEC  6,201)  Z3 
C 
C 

AU  =  XDE*CMT-ZMD)*(RIY-RM2D)+RMDE*XMD*Z2D+ZDE*RMMD*X2D+RrtDE* 
1    (MT-ZMD)*X2D+ZDE*XMD*CRIY-RM2D)-XDE*RMMD*Z2D 


BU  =  -XDE*CMT-ZMD)*RM2-XDE*CRIY-RM2D)*ZM+RMDE*XMD*CZ2+MT) 

1  +RnDE*XM*Z2D+ZDE*RMMD*X2+ZDE*RMM*X2D+RnDE* (MT-ZMD)*X2 

2  -RMDE*ZM*X2D-ZDE*XMD*RM2+ZDE*XM*CRIY-RM2D)-XDE*RriMD 

3  *CZ2+MT)-XDE*RMM*Z2D 


CU  =  -XDE*CMT-ZMD)*RnTHET+XDE*ZM*RM2+RMDE*XMD*ZTHETA+RnDE*XM* 
CZ2+MT)+ZDE*RMMD*XTHETA+ZDE*RMM*X2+RMDE*CMT-ZMD)*XTHETA 
-RMDE*ZM*X2-ZDE*XMD*RMTHET-ZDE*XM*RM2-XDE*RMMD*ZTHETA 


94 


VERTLIN.FORT    (cont.) 


3  -XDE*RMW*(Z9+WT) 

C 
G 

DU     =     XDE*ZW*RHTHET+RriDE*XW*ZTHETA+ZDE*RnW*XTHETA 
1  -     RriDE*ZW*XTHETA-ZDE*XW*RMTHET-XDE*RMW*ZTHETA 

C 
C 
C 

IF(J)     62,62,61 

61  AU  =  A U * X L U  3 
BU  =  BU*XLU2 
CU  =  CU*XLU 

C 
C 

62  WRITE(5,60) 
URITEC 6,60) 

60    FORMATC 1X, 'FORWARD  SPEED  POLYNOMIAL  COEFFICIENTS',/) 

WRITE(5,70 ) 

URITEC  6,70) 
70    FORHATC7X,'AU',11X,'BU',11X,'CU',11X,'DU') 

WRITE(5,100)  AU,BU,CU,DU 

URITEC6,100)  AU,BU,CU,DU 


NDEG=3 
A4C  1  )=AU 
A4( 2  )=BU 
A4C 3) =CU 
A4C4) =DU 


CALL  ZPOLRC A  4 , NDEG , Z4 , IER ) 


URITEC  5, 202  ) 
URITEC  6,202) 
WRITE( 5, 205) 
URITEC  6 , 205) 
URITEC5, 20  1)  Z4 
URITEC  6,201)  Z4 


STOP 
END 
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c 
c 


c 

c 


HORLIN.FORT 


REAL  A,B,C,D,E 
INTEGER  NDECIER 
READ (4 , *)WT,RIX, RIY,RIZ,XL,U 
READ( 4,*) YV, YR, YPHI, YVD, YPD, YRD , YDR, YP 
READ( 4 , * )RKV , RKP, RKR, RKPHI, RKVD, RKPD, RKRD, RKDR 
READ(  4, *)RNV, RNR, RNVD , RNRD , RNDR, RNPD, RNP , RNPHI 
REAL  A1  (5)  , A3( 3)  ,  A2(4)  , A4(4) 
COMPLEX  Z1( 4) ,Z3(2 ) ,Z2( 3) ,Z4( 3) 
WRITEC  6,15) 
15      FORMAT ( IX, • IN  UHAT  FORMAT  DO  YOU  WANT  THE  ANSWER?',/, 
1'   DIMENSIONAL         WRITE  1',/, 
2'   NONDIMENSIONAL     WRITE  0') 
READC7,  20  )  J 
IF( J)2,  2  ,  1 

1  WRITE(5,4) 
WRITEC  6,4) 

4  FORMAT( 1X, 'OUTPUT  VALUES  ARE  IN  DIMENSIONAL  FORM') 
GO  TO  3 

2  WRITE (5, 5) 
WRITEC  6,5) 

5  FORMATC  1X,  'OUTPUT  VALUES  ARE  IN  NONDIMENSIONAL  FORM') 
3    CONTINUE 

20      FORMATCI1) 

r 
i 

XLU  =  XL/U 
XLU2  =  XLU*XLU 
XLU3  =  XLU2*XLU 
XLU4  =  XLU3*XLU 
XLU5  =  XLU4*XLU 

A=(WT-YVD)*(RIZ-RNRD)*(RIX-RKPD)  +  RNVD* ( -RKRD )* YPD 

1  + YRD* RK VD *( -RNPD) -RNVD* YRD* ( RIX-RKPD ) -RKVD* ( RIZ-RNRD ) * YPD 

2  -(WT-YVD)*(-RNPD)*(-RKRD) 

B  =  -(WT-YVD)*(RIZ-RNRD)*RKP  -  RNR* ( WT- YVD )*( RIX-RKPD ) 

1  -YV*( RIZ-RNRD )*( RIX-RKPD ) +RNVD* ( -RKRD ) * YP-RNVD*RKR* YPD 

2  +RNV* ( -RKRD) *YPD  -YRD* RKVD* RNP  +YRD* RK V* ( -RNPD  ) 

3  -(WT-YR)*RKVD* (-RNPD)  +  RNVD*YRD*RKP  +  RNVD* ( WT-YR )*( RIX-RKPD ) 

4  -RNV*YRD*(RIX-RKPD)  -  RKVD* ( RIZ-RNRD )* YP  +RKVD*RNR* YPD- ( RIZ-RNRD ) 

5  *RKV*YPD 

6  +(WT-YVD)*(-RKRD)*RNP  +  ( WT- YVD ) *RKR* ( -RNPD ) 

7  +  YV*( -RKRD)* (-RNPD) 


C  =  RNR*(WT-YVD)*RKP  -( WT-YVD )*( RIZ-RNRD ) *RKPHI+YV* ( RIZ-RNRD ) *RKP 

1  +RNR*YV*( RIX-RKPD )+RNVD*( -RKRD ) * YPHI-RNVD * RKR* YP  +RNV*(-RKRD) 

2  *YP  -RNV*RKR*YPD  - YRD * RKVD* RNPHI  -YRD*RKV*RNP  +( WT-YR ) *RKVD*RNP 

3  -  (WT-YR)*RKV*(-RNPD)  +  RNVD* YRD*RKPHI  -  RNVD* ( WT-YR ) *RKP+ 

4  RNV*YRD*RKP  +  RNV* ( WT-YR )*( RIX-RKPD )  -  RK VD* ( RIZ-RNRD ) *YPHI+ 

5  RKVD*RNR*YP  -  (  RIZ-RNRD  )  *RKV*YP  +RK  V*  RNR:- YPD  +(  WT-YVD  )*(  -RKRD  ) 

6  *RNPHI  -(WT-YVD)*RKR*RNP  -  Y V* ( -RKRD )* RNP  -  RKR* YV* ( -RNPD ) 
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c 
c 

D  =  RNR*CWT-YVD)*RKPHI  +  YV*  ( RIZ-RNRD )  *RKPHI  -  RNR*YV*RKP 

1  -RNVD*RKR*YPHI  +  RNV* ( -RKRD ) * YPHI  -  RNV*RKR*YP  -  YRD* RKV*RNPHI 

2  +CWT-YR)*RKVD*RNPHI  +  ( WT- YR ) * RKV* RNP  -RNVD* ( WT- YR ) *RKPHI+ 

3  RNV*YRD*RKPHI  -RNV* C WT-YR ) *RKP  +RK VD*RNR* YPHI 

4  -  CRIZ-RNRD ) *RKV*YPHI  +  RKV*RNR*YP  -  ( WT- YVD ) *RKR*RNPHI  - 

5  YV*C-RKRD)*RNPHI  +  RKR*YV*RNP 

E  =  -RNR*YV*RKPHI  -  RNV*RKR*YPHI  +  ( WT- YR ) *RKV*RNPHI 
1  -RNV'*C  WT-YR)*RKPHI  +  RKV*RNR*YPHI  +  RKR*YV*NPHI 
IF(J)22 ,22,2  1 

21  A  =  A*XLU5 
B  =  B*XLU4 
C  =  C*XLU3 

D  =  D*XLU2 
E  =  E  *  X  L  U 
C 

c 

22  WRITE(5,50) 
WRITEC  6,50) 

50      FORMATC  1X,  'COEFFS.  OF  CHARACTERISTIC  EQUATION',/) 

WRITEC  5,51) 

WRITEC  6,51) 
5  1     FORMAT  (7X,  »  A  f  ,  1  4X ,  '  B  '  ,  1"»X ,  '  C f  ,  1  4X  ,  •  D  *  ,  1  4X ,  '  E  *  ) 

WRITEC  6,100)  A ,B,C, D, E 

WRITEC5, 100)  A,B,C,D,E 
100    FORMAT  (  1X, 5E14. 6 ,/) 

NDEG  =  4 

A1  (  1  )  =  A 

A  1  (2)  =  B 

A1  ( 3)  =  C 

A1 (4)  =  D 

A1  (5)  =  E 

CALL  ZPOLRC A1  ,NDEG,Z1  ,IER) 

WRITEC  5, 200 ) 

WRITEC  6 , 200 ) 

200  FORMATC 1X, 'ROOTS  OF  CHARACTERISTIC  EQUATION',/) 
WRITEC  5,205) 

WRITEC  6,205) 
205    FORMATC 10X,'REAL',11X, 'IMAGINARY' ) 
WRITEC5, 20  1 ) Z 1 
WRITEC  6 , 20 1  )Z 1 

201  FORMATC  1X,  2F16 . 6 ,//  ) 
C 

C 
C 

ABETA  =  YDR*CRIZ-RNRD)*CRIX-RKPD)  -  RNDR* C -RKRD ) *YPD 

1  -  RKDR*YRD*C -RNPD )  +  RNDR* YRD* ( RIX-RKPD ) 

2  +    RKDRMRIZ-RNRD  )*YPD    -YDR* C -RKRD )* C -RNPD ) 
C 

C 

c 

BBETA  =  -YDR*CRIZ-RNRD)*RKP  -  YDR*RNR* C RIX-RKPD ) 
1  -RNDR*C-RKRD)*YP  +  RNDR*RKR*YPD  +  RKDR*YRD*RNP 
•   2  +  RKDR*CWT-YR)*C-RNPD)  -RNDR* YRD*RKP 

3  -  CWT-YR)*RNDR*CRIX-RKPD:>  +  RKDR*CRIZ-RNRD)*YP 

4  -  RKDR*RNR*YPD  +  YDR* C -RKRD ) *RNP  +  YDR*RKR* C -RNPD ) 
C 

C 
C 
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CBETA  =  -YDR*CRIZ-RNRD)*RKPHI  +  YDR*RNR*RKP 

1  -RNDR*C-RKRD)*YPHI  +RNDR*RKR*YP  +  RKDR* YRD*RNPHI 

2  -RKDR*(WT-YR)*RNP  -  RNDR* YRD* RKPHI  +  ( MT- YR ) *RNDR*RKP 

3  +RKDR*CRIZ-RNRD)*YPHI  -  RNR*RKDR*YP  +  YDR* C -RKRD ) *RNPHI 

4  -YDR*RKR*RNP 
C23456789 

C 
C 

DBETA  =  YDR*RNR*RKPHI  +  RNDR*RKR* YPHI  -  RKDR* ( WT- YR ) *RNPHI 
1  +  CWT-YR)*RNDR*RKPHI  -RNR* RKDR* YPHI  -  YDR* RKR* RNPHI 

IF( J)  32, 32,31 

31  ABETA  =  ABETA*XLU4*U 
B3ETA  =  BBETA*XLU3*U 
CBETA  =  CBETA*XLU2*U 
DBETA  =  DBETA*XLU*U 

32  WRITE(5,52) 
WRITEC6 , 52 ) 

52      FORMATC 1X, 'SIDESLIP  POLYNOMIAL  COEFFS.',/) 

URITEC5, 53) 

WRITEC 6,53) 
5  3      FORMAT (7X,  'ABETA'  ,9X,  'BBETA'  ,8X,  'CBETA'  ,8X,  'DBETA'  ) 

WRITEC  5,  100)  ABETA, BBETA, CBETA, DBETA 

WRITEC 6,  100)  ABETA, BBETA, CBETA, DBETA 

NDEG  =  3 

A2C  1  )  =  ABETA 

A2C2)  =  BBETA 

A2C3)  =  CBETA 

A2C4)  =  DBETA 

CALL  ZPOLRC A2 ,NDEG,Z2, IER) 

WRITEC5, 54) 

WRITEC  6,54) 
54      FORMATC 1X, 'ROOTS' ) 

WRITEC5, 205) 

WRITEC  6 , 205) 

WRITEC5, 20  1  )Z2 

WRITEC6 , 20 1 )Z2 
C 

c 
c 

APHI  =  RKDR*(WT-YVD)*CRIZ-RNRD)  -  YDR*RNVD* C -RKRD ) 

1  +  RNDR*RKVD*YRD  -  RKDR* RNVD* YRD  +  YDR* RKVD* C RIZ-RNRD ) 

2  -RNDR*CWT-YVD)*C-RKRD) 
C 

C 
C 

BPHI  =  -RKDR*CWT-YVD)*RNR  -  RKDR* YV* C RIZ-RNRD ) 

1  +  YDR*RNVD*RKR  -  YDR*RNV* C -RKRD )  -  RNDR* RKVD* C WT-YR ) 

2  +  RNDR*RKV*YRD  +  RKDR* RNVD* C WT-YR )  -  RKDR*RNV*YRD 

3  -  YDR*RKVD*RNR  +  YDR*RKV* C RIZ-RNRD )  +  RNDR* C WT- Y VD ) *RKR 


4  +  RNDR*YV*C-RKRD) 


CPHI=  RKDR*YV*RNR  +  YDR*RNV*RKR  -  RNDR*RK V* C WT-YR ) 
1  +  RKDR*RNV*CWT-YR)  -  YDR*RKV*RNR  -RNDR*YV*RKR 
IFC J)42, 42,41 
41      APHI  =  APHI*XLU3 
BPHI  =  BPHI*XLU2 
CPHI  =CPHI*XLU 
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c 
42     WRITEC5,  105) 
WRITEC  6,105) 

105  FORMATC  IX,  'ROLL  POLYNOMIAL  COEFFS.',/) 
WRITEC5,  106  ) 

WRITEC  6,106) 

106  FORMAT (7X,  'APHI'  ,  1  1X,  'BPHI'  ,  1  1X,  'CPHI'  ) 


C 

C 


URITEC 5, 100) APHI, BPHI, CPHI 

WRITE (6 , 1 00 ) APHI, BPHI, CPHI 


NDEG  =  2 
A3( 1 )  =  APHI 
A3(2)  =  BPHI 
A3(3)  =  CPHI 

CALL  ZPOLRC A  3 , NDEG , Z3 , IER ) 
WRITEC  5,202) 
WRITEC  6,202) 
202    FORMATC  1X,  'ROOTS'  ) 
WRITEC  5, 205) 
WRITEC  6 , 205) 
WRITEC  5, 20  1  )Z3 
WRITEC  6,201  )Z3 


APSI  =  RNDR*CWT-YVD)*CRIX-RKPD)  +  RKDR*RNVD* YPD 

1  -  YDR*RKVD*C-RNPD)  +  YDR*RNVD* C RIX-RKPD ) 

2  -  RNDR*RKVD*YPD  -  RKDR* C WT- Y VD ) * C -RNPD ) 


BPSI  =  -RNDR*CWT-YVD)*RKP  -  RNDR*YV* C RIX-RKPD  ) 

1  +  RKDR*RNVD*YP  +RKDR*RNV* YPD  + Y DR* RKVD* RNP 

2  -YDR*RKV*C-RNPD)  -  YDR*RNVD*RKP  +YDR*RNV* C RIX-RKPD ) 

3  -  RNDR*RKVD*YP  -  RNDR*RKV*YPD  +  RKDR* C WT-Y VD ) *RNP 

4  +  RKDR*YV*C-RNPD) 


CPSI  =  -RNDR*CWT-YVD)*RKPHI  +  RNDR*YV*RKP  +RKDR*RNVD* YPHI 

1  +  RKDR*RNV*YP  + YDR* RKVD*RNPHI  +YDR*RKV*RNP  -  YDR* RNVD*RKPHI 

2  -  YDR*RNV*RKP  -  RNDR* RK VD * YPHI  -  RNDR*RK V* YP 

3  +  RKDR*CWT-YVD)*RNPHI  -  RKDR* Y V*RNP 


DPSI  =  RNDR*YV*RKPHI  +  RKDR*RNV* YPHI  +  YDR*RKV* RNPHI 
1  -  YDR*RNV*RKPHI  -  RNDR*RK V* YPHI  -  RKDR* YV* RNPHI 
IFC J )62 , 62 , 6  1 

61  APSI  =  APSI*XLU3 
BPSI  =  BPSI*XLU2 
CPSI  =  CPSI*XLU 

62  WRITEC5,60) 
WRITEC  6,60) 

60      FORMATC  1X,  'YAW  POLYNOMIAL  COEFFS.',/) 

WRITEC  5,70  ) 

WRITEC  6,70) 
70      FORMATC7X,  'APSI',11X,  'BPSI',11X,  'CPSI',  11X,  'DPSI'  ) 

WRITEC 5, 100) APSI, BPSI, CPSI, DPSI 
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HORLIN.PORT  (cont.) 


WRITE (6 ,  100)APSI,BPSI,CPSI,DPSI 

NDEG  =  3 

A4C  1  )  =  APSI 

A4C2)  =  BPSI 

A4C3)  =  CPSI 

A4C4)  =  DPSI 

CALL  ZPOLRC A4 , NDEG , Z4 , IER ) 

WRITEC5, 202) 

WRITEC  6,202) 

WRITEC5, 205) 

WRITEC  6 , 205) 

WRITEC5, 20  1  )Z4 

WRITEC  6 , 20 1  )Z4 

STOP 

END 
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APPENDIX  D 


AXIAL  FORCE 


m  [ii  -  vr  +  wq  -  xQ  (q2  +  r2)  +  yG  (pq  -  r)  +  Zq  (pr  +  q  )  J  = 
+  i-  X*  [x   '  q3  +  X   '  T*   +  X   '  rpl 

2        L  qq  rr  rP       J" 

+  -H-    jt3  Fx*  ■  u   +  X      '  vr  +  X       'wq 
2  L    u  vr  wq  J 

+  ^_    X2("x      '  u2  +  X      'v2+X        '  w2l 
2  L    uu  vv  ww  J 

+  —    i2u2  I~X.  »    6r2  +  X.  '  6s2  +  X..        »    6b2] 

2  L    6r  6r  6s  6s  6b  6b  J 

+  |   pi2    a.   u2  +b.   uu     +  c.  u   2  1 
"   r       Li  ic         xcj 

-  (W  -  B)  sin  9 

4  T"  l*  [  X      «'  v*   +  X       >2+X.    ,      '42u2 
2  L     vv7]  wwT]  orOrT]        r 

+  X.     ,    „  6   2   u2  1  (7?-l) 
6s6sT7     s  J 
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LATERAL  FORCE 


|^v  -  wp  +  ur  -  yG  (r2  +  p2)  +  zQ   (qr  -  p)  +  xQ  (qp  +  r)  J  = 

+-£-   Jt*  Ty-  '  r  +  Y.'  p  +  Y      ,     ,'plpl+Y      'pq+Y      •  qr] 
2  L     r  p    K  p|pl     ^u  '  pq    M  qr    M   J 

+  —  i3  Ty-'  v  +  Y      '  vq  +  Y       »  wp  +  Y       '  wr 
2         L    v  vq  WP  wr  -J 

■+  £   ■£■  T  Y    '  ur  +  Y    '  up  +  Y   ,     ,  .    '  u | r  1 6r  +  Y         , '  —  |  (va  +  w2)*  I  »  r  1 1 
2  *-     r  P  irl6r  vlrl    |v|  ii*  » J 

+-f"   **  [v  u2   +  Yv«  uv  +  Yy|v|'  v   |(v2  +w2)*l] 

+4-   i2  [y       '  vw  +  Y      '  u2   6r  1 
2  L    vw  6r  J 

+  (W  -  B)  cos  8  sin  4> 

*i-*'3yrn,ur<>M> 

+  T    *  [Yv7?'  uv  +  Yv|v|V  vl  ^  +  -2)1 1  +  Y6r7?'  6r  u2  J  (77-1) 
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NORMAL  FORCE 


m[w  -  uq  +  vP  -  zG  (p2  +  l2)  +XG  (rp  -  A)  +  yG  (rq  +  p)  J 

+-  X3[z^-w  +  Zvr'vr  +  Zvp-  vP] 

+i.  X3   [Zq«   uq  +  Zlql&s'  u|ql6s   +  Zwlq|'   0V*   +  ^|   |ql] 

+2  X2[z^u2+Zw'uw  +  Zwiwl'wl(v2    +  w2)*|] 

+f  •e2[ziwruiwi  +  zww'  iw(va+w8)*i] 

+-£■  X2  [z      '  v2  +  Z      '  u2  6s  +  Z      '    u2  -6b  J 
?  I.     vv  6s  ob  -1 


+  (W  -  B)  cos  6  cos  <|> 


+  i-^3  Vuqrtl) 


+  ~    t2\z       'uw+Z     ,      ,    '  w|(v2    +  w2)2  I  +  Z         '  6    u2](77-l) 
2  L    wl  w  w  77        '  '  6s77      s      J* 
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ROLLING  MOMENT 


IXP+  (I,  -  Iy)  qr  +  (r  +  Pq)  Ixi  +  ?*"    "  ^>  Xyz  +  (pr  *  q)  Xxy 

+  m  [yG  (w  -  uq+vp)  -  zQ  (v  -  wp  +  ur)  J'= 

+.£_    x"J"k-  'p+K.'r  +  K      '  qr  +  K        ■  pq  +  K  ,'pIpI] 

2    •    •-  p  r  qr  pq  .pip I         J 

+  |    X*[K    '   P    +Kr'  ur  +  Kv'v] 

+_£.   x*  [k      *  vq  +  K       '  wp  +  K        '  wr  1 

2  L    vq     z1  wpr  wr  J 

+  _P.   x3     [k.'  u2  +  Ky'  uv  +KV|V|'    v|(v2  +  w2)^] 

x-L   x3  [k       'vw  +  K.    '  u2   5rl 
2  L    vw  6r  J 

+  (yr  W  -  yR  B)  cos    0  cos  <J>  -  UGW  -  zbB^  COS    6  sin  ^  J 


+  2U3K*7?'  u2  (?"1) 
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PITCHING  MOMENT 


Jy  *  +  (Ix  "  V  rP  *  (P  +  V)  XXy  +  (P2   "  r2)  !zx  +  (qP  "  r)  Xyz 
+  m  |^zG  (u  -  vr  +  wq)  -  x_  (w  -  uq  +  vp)  J  = 

+JL  /[m-  i+  Mpp.  p»+  Mrr.  r2  +  Mrp«  rP+  Mq|q|'  q|q|] 

+T  ^  [Mw'  *  +  Mvr'  vr  +  MvP'  Vp  ] 

+-f  A*[Mq'  Uq  +  Mlq|6s'UiCll6s   +M|NV|ql(v2  +w')i  k] 

+-£    X3[M.'  u2   +Mw'uw  +  Mw|w|'  w   |(v2   +  w2)*|] 

+  -2-   /3[m,     i'uIwI    +M       '    |w  (v2  +  w2)1!] 

+  -E-   £3  Pm      '  v2  +  M      '  u2    6s  +  M      '  u2-  6b"| 

-  (x_  W  -  x      B)  cos  6  cos  <>  -  (zQ  W  -  zB  B)  sin  6 

+  £  t4M     '  uq  (17-1) 

+  f^FM       'uW+M     ,      ,    '  w|(v2x  w2)*!   +M         '6   u2~|(77-l) 
2  L      wT)  w|w|77  '  OS77      s      J 
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YAWING  MOMENT 


lz  r  +  (Iy  *  'J  Pq  '  (q  +  rp)  XyB  +  (qS    "  p2)  !xy  +  (rq  "  p)  *zx 

r  "i 

+  m  I  x_  (v  -  wp  +  ur)  -  y_  (u  -  vr  +  wq )  J  = 

+£.  ^[Nj'r+N^i+N^pq+N^'  V  +  Nr|r|T|r|] 

+J.X4Fn-'v+N       '  wr+N       •  wp  +  N      •  vq 
2  L    v  wr  wp       r  vq       n  J 

+  f  i4[Np'  UP  +Nr'  Ur  +N|r|6r'  U'rl6r  +  N|v|r'    \{v*    +  w2>*lr] 
+T»1*[V  u2  +NV'  UV  +  Nv|v|'  V    l(v2    +  w2^l] 

+  4-£>3\™       '  vw  +  N.    '  ua6rl 
2        L    vw  6r  J 

+  (xQ   W  -  xB  B)  cos  9  sin  4>  +  (yQ  W  -yfi  B)  sin  8 

+  4  ^3Tn      <  uv  +  N    |     .    f  vUv2  +  w2)1!   +  N*      ■  6     u2](r7-l) 
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KINEMATIC  RELATIONS 


U2   =  u2  +  v2  +  w2 

z     =  -u  sin  8  +  v  cos  0  sin  0  +  wcos8cos0 

<t>     =  p  +  ip    sin  8 

q      _  q  -  ip  cos  8  sin  0 
cos  <f> 

\      _  r  +  8  sin  0 


cos   8-  COS0 


10? 


* 
* 

•» 

k 

* 

X 

«. 

/■^ 

*• 

(X 

to 

^ 

* 

X 

% 

SI 

tH 

* 

-» 

X 

« 

^ 

^ 

^ 

^— • 

*■ 

X 

a 

X 

» 

Cd 

H 

X 

O 

* 

X 

x 

X 

X 

fH 

X 

a 

«. 

3 

5> 

h-f 

* 

H 

X 

>• 

SI 

3 

3 

s 

5 

Q 

2! 

tO 

* 

3 

«. 

«. 

» 

Cd 

c 

V£ 

X 

<. 

X 

X 

3 

■+ 

X 

3 

H 

•. 

X 

3 

X 

X 

«. 

3 

z 

» 

X 

■* 

H 

•» 

3 

O 

s 

X 

3 

-^ 

» 

to 

s 

X 

O 

H 

* 

• 

SI 

X 

Q 

> 

SI 

SI 

X 

X 

Q 

I 

»■ 

> 

» 

* 

LiJ 

to 

l-l 

•» 

IX 

X 

«. 

«. 

» 

3 

a 

». 

X 

S 

^\ 

* 

X 

c 

X 

Cd 

X 

- 

Ld 

3 

X 

^: 

TS~ 

3 

z 

X 

CN 

*• 

E-> 

Ed 

•. 

CO 

«. 

UJ 

a 

3 

X- 

X 

X 

s: 

X 

^ 

T-< 

*■ 

X 

Q 

Ed 

X 

> 

SI 

SI 

X 

«. 

» 

X 

«. 

Ed 

>— ' 

*■ 

Is. 

cs 

M 

co 

3 

>- 

p> 

«. 

«. 

•. 

3 

H 

•■ 

X 

=> 

21 

* 

O 

z 

X 

3 

2 

- 

X 

to 

a 

X 

> 

3 

> 

3 

2 

3 

* 

i-c 

••. 

X 

X 

X 

» 

Q 

3 

a 

^: 

a 

> 

Z 

X 

X 

*- 

CO 

.3 

X 

•. 

•■ 

o 

> 

o 

SI 

*: 

X 

a 

£ 

X 

■^ 

H 

* 

Cd 

o 

M 

CO 

:s 

» 

> 

SI 

•> 

X 

». 

s 

X 

» 

H 

» 

*• 

> 

X 

Q 

s 

•. 

X 

«. 

Cd 

•. 

•>■ 

X 

« 

3 

3 

^\ 

* 

>— 1 

J 

«. 

to 

X 

a 

«. 

H 

3 

o 

> 

» 

X 

X 

3 

CN 

w 

*■ 

H 

O 

X 

Q 

•■ 

X 

X 

3 

SI 

X 

^: 

c 

^> 

i! 

2: 

=> 

H 

*■ 

<t 

X 

SI 

X 

3 

>• 

> 

Q 

•. 

-C 

X 

2 

s: 

3 

X 

z 

^^ 

X 

* 

5> 

•» 

•» 

"^ 

» 

X 

O 

H 

X 

«. 

X 

X 

3 

». 

X 

X 

u> 

1 — 1 

* 

—4 

u 

X 

Cd 

X 

X 

«. 

SI 

3 

» 

3 

» 

•■ 

se 

H 

•• 

-£ 

l-l 

Q 

*■ 

3T 

X 

X 

X 

- 

X 

3 

k 

Q 

X 

> 

X 

X 

X 

Q 

=> 

rr 

to 

2 

* 

u 

H 

•» 

a 

UJ 

X 

> 

G 

3 

X 

-«: 

X 

=> 

•■ 

a 

z 

X 

X 

W 

* 

Q 

X 

X 

> 

«. 

X 

^3 

SI 

*: 

X 

£ 

•T- 

15 

X 

r 

»■ 

H 

X 

* 

x 

X 

Q 

> 

H 

«. 

- 

- 

X 

» 

X 

X 

3 

z 

•■ 

X 

•. 

a, 

,    * 

:j 

3 

»• 

X 

X 

Q 

Ld 

X 

3 

» 

H 

•■ 

» 

S 

X 

A 

3 

/-* 

< 

* 

H 

Eb 

CJ 

•». 

•. 

a 

> 

X 

<* 

H 

3 

Ed 

to 

X 

^ 

X 

Z 

<N 

H 

*■ 

<c 

SI 

X 

5> 

a. 

X 

SJ 

3 

3 

Q 

tO 

s 

» 

X 

X 

X 

«-( 

CO 

* 

H 

/-^ 

«. 

a 

> 

X 

•. 

«. 

SI 

a 

> 

3 

X 

3 

z 

» 

« 

w 

X 

* 

-0 

J 

3 

is 

X 

*. 

«. 

H 

Ed 

•> 

X 

*: 

s: 

•. 

3 

X 

X 

3 

H 

1— 1 

*• 

Cd 

X 

a 

- 

X 

3 

lO 

3 

*. 

X 

X 

X 

5". 

» 

X 

> 

3 

X 

* 

-o 

a 

■»- 

•» 

X 

X 

X 

Q 

3 

SI 

X 

» 

•• 

X 

X 

Ed 

2 

z 

3 

-. 

•*• 

Cd 

c 

tj? 

x- 

•» 

> 

«. 

?» 

t>] 

«. 

» 

> 

to 

s 

^ 

X 

X 

X 

X 

6-> 

■*■ 

Eh 

s 

/— % 

.—> 

X 

SI 

l-l 

•>< 

Cd 

X 

«. 

> 

X 

•*: 

o 

— 

d 

Q 

- 

- 

H 

« 

J 

* 

<C 

3 

S! 

«. 

n 

u 

» 

X 

«. 

!0 

> 

2C 

X 

s: 

» 

S. 

2 

d 

xJ 

- 

/— s 

Ed 

*■ 

a 

x 

•» 

1 

X 

£ 

- 

X 

Q 

> 

a 

SI 

X 

» 

X 

Qi 

■s: 

X 

X 

S> 

f"^ 

vC 

/-\ 

Q 

* 

3 

<x. 

X 

C 

X 

- 

i-t 

X 

X 

X 

tS3 

«. 

k 

Cd 

» 

X 

X 

k 

z 

5> 

CN 

». 

m 

•> 

f-\ 

* 

u 

u 

w 

» 

«. 

S3 

X 

X 

«. 

- 

X 

«. 

X 

X 

to 

3 

jr 

» 

X 

X 

2 

•^ 

-o 

w 

rd 

m 

•* 

j 

3 

Ex. 

X 

X 

X 

•. 

«. 

X 

w 

3 

s 

> 

a 

•£. 

■< 

X 

r-> 

a 

» 

X 

^— ' 

%_/ 

z 

^ 

v— / 

*■ 

■=4 

M 

1 

X 

*-^ 

H- 

^H 

a 

X 

X 

< 

SI 

^ 

X 

S 

^ 

3 

z 

X 

•. 

X 

> 

3 

»-H 

Cd 

*■ 

u 

-3 

II 

a 

< 

- 

X 

<r 

a 

X 

h 

* 

SI 

«. 

X 

«. 

X 

3 

3 

X 

a 

=> 

^H 

X 

U 

E- 

El, 

* 

Z 

o 

>— ' 

s 

- 

Q 

Ed 

X 

X 

to 

C 

3 

X 

> 

>-l 

3 

> 

* 

x 

a 

H 

3: 

TO 

X 

X 

^ 

3 

\ 

x 

3 

^ 

> 

>^ 

X. 

^ 

s: 

2: 

^» 

X 

2 

^s 

21 

\ 

¥r 

2. 

z 

O 

3 

* 

X 

Oj 

X 

Lli 

X 

X 

X 

SI 

X 

X 

-X 

X 

X 

X 

r 

r 

3 

H 

^ 

a: 

\ 

* 

1— 1 

O 

OS 

X 

\ 

>-H 

Eh 

Eb 

X 

u. 

X 

X 

3 

H 

X 

3 

* 

H 

Eb 

X 

H 

<* 

to 

n 

U 

Id 

jj 

Ld 

X 

Ed 

-£. 

3 

c-t 

i-i 

* 

3 

a 

Cz3 

Ji 

O 

O 

3 

3 

3 

3 

3 

X 

CO 

X 

•X- 

a 

a 

Cd 

as 

< 

vj 

U 

U 

O 

u 

<-> 

X 

2 

X 

J 

*■ 

05 

i 

Z 

s: 

X 

X 

SI 

-i- 

s: 

Z 

?-i 

i-l 

to 

El* 

* 

Xl 

•G 

■H 

H 

•^ 

^ 

^ 

^ 

N. 

>v 

^ 

>v 

\ 

^ 

\ 

*- 

3 

w 

E-* 

1— 1 

* 

SO 

X 

u 

z 

2 

^ 

z 

■^ 

^ 

■^ 

z 

Z 

_^ 

z 

■*- 

J 

a 

t— « 

□ 

* — > 

o 

3 

3 

c 

3 

3 

3 

3 

3 

*■ 

tO 

d 

X 

J 

■s 

Z. 

■E 

£ 

s; 

s: 

s: 

£ 

a: 

X 

S 

*• 

t-» 

a 

CO 

X 

s: 

s: 

S. 

s: 

s: 

z 

s: 

2: 

ST 

£ 

s: 

*- 

r 

o 

X 

S 

3 

o 

a 

3 

3 

3 

3 

3 

3 

3 

3 

* 

H 

s 

to 

t— < 

ON 
X) 

t— 

■-O 

m 
m 

CJ 

u 

u 

O 

u 

U 

U 

o 

>— i 

OP 

X 

r» 
in 

m 

O 

U 

U 

u 

u 

u  u  o 

u 

U 

u 

u 

u 

u 

u 

CJ 

u 

U 

o      u 

108 


m 


a 
lu 

Eh 

a. 

□ 
cj 

c/3 


at 

H 


CO 


m 

X 

• 

v— / 

H 

2 

~H 

3 

■> 

l-H 

-Z 

/— s 

• 

H 

3 

CM 

X 

3 

^> 

* 

i— i 

CJ 

- 

* 

OC 

Ci] 

»"n 

/-~. 

Eh 

X 

^D 

rn 

<I 

UJ 

^ 

1 — ' 

s: 

6-i 

X 

Lb 

3 

H 

H 

3 

3 

+ 

2 

£ 

,-NI 

CJ 

U 

X 

\ 

*- 

►— i 

■z. 

o 

»■ 

CM 

* 

u 

-H 

-H 

*—\ 

• 

>^ 

l-l 

Z 

£> 

CM 

CN 

Eb 

z 

3 

— / 

r"s 

rn 

• 

- — ' 

Cb 

>— 1 

H 

^ 

£ 

\ 

to 

X 

J 

L3 

Cb 

» 

x 

H 

J 

H 

3 

■jJ 

3 

«. 

^O 

to 

15 

Z 

33 

+ 

U 

X 

CJ 

r— > 

— ^ 

H 

» 

< 

*■ 

cm 

*£> 

» 

Z 

\ 

H 

3 

* 

J 

Lb 

/-^ 

»■ 

3 

«* 

IT) 

tO 

CO 

* 

J 

«S 

X 

Eh 

vO 

Q 

H 

O 

2 

^■\ 

oJ 

^H 

H 

ua 

t- 

^-^ 

» 

CO 

CT> 

3 

*■ 

Lb 

<— C 

> 

Sh 

0£ 

uj 

SI 

* — V 

z 

o\ 

CJ 

j 

J 

3 

X 

W 

•s 

(X 

H 

i-l 

X 

&-• 

CM 

o 

• 

• 

r. 

£ 

s 

X 

^~\ 

Ed 

«« 

-L. 

H 

^* 

u 

^H 

it3 

CM 

* 

* 

* 

i 

H 

m 

z. 

Ls 

Z 

\-f 

"V 

M 

\ 

cn 

m 

-f 

^ 

w 

>-H 

Lb 

• 

3 

S. 

J 

c 

h- 1 

3 

j 

j 

3 

06 

— • 

•? 

CJ 

=H 

3 

l-l 

*« 

X 

J 

~ 

^j 

^i 

CN 

u 

X 

Q 

u 

2 

3 

< 

O 

u 

X 

<: 

X 

.1. 

x 

X 

■* 

o 

u 

H 

3 

g 

U 

•£* 

M 

i— i 

II 

ii 

n 

II 

s 

to 

=> 

3 

■ 

-H 

3 

to 

<: 

H 

CM 

co 

-r 

n 

0 

II 

II 

iX 

X 

^— . 1 

•J> 

:r 

>H 

H 

►H 

3 

3 

J 

•J 

II 

3 

<t 

s: 

J 

3 

H-t 

X 

<X 

s: 

CM 

CM 

CM 

>j 

i 

U 

^-1 

o 

21 

J- 

J 

Q 

r-> 

CM 

a. 

c 

t-t 

x 

x 

cc 

x 

15 

> 

iii 

u 

3 

M 

CJ 

U 

cj  cj       cj  cj 

u 

U  CJ 

CJ  u 

=h  Eh   O  Eh 

3h  3   C  3 

Q  3  Q  >         E-«         a 

a.  a  c  ^       3       tr 

Eh  h  x  oc  H       m  i       q       ^: 

3  3  *   >«  O  **■  CL  X 

Q  3=T*Q  T<4*  5b  * 

3  >3>*S  JJ  X  lO 

X  XCMJIN]  CMCM  *  J 

•k-  -t«-accM*        xac        .n       cn 

no  rn       as  rn  j        x 

3  3     1  3  II  CM 

CM  CM  I    CM  a.  I 

X  CJ   X   CJ  X  CJ   CJ 

OS"  S1CJ  OXMCJI>»X 

lfJ#l#XI><**>i  X   M 

*s       z*       *sa:*x»-Hh-i 

O  JDCOIXIXXiXI      I     XXI      I 

vO    £       • 
-     -  O  II     II     II     II     II     II     II     II     II     II     II     II     II     II 

,-.     -4      || 
||         ||       /^  ^>^^/->,->~^,-N,->^,-.--N^/^ 

— 1^3       'H.n.o  cm  <i'vo<"o<».n  cm. -o  «»./->  ,o 

lD>/)rH  HrtHiNlNvNflWfl***** 

^.  s_/     ,_     u    s_      ^_      »_      v-/     ^      ^^     v—      ^^     w      ^H     v„ 

33x       •czsss.srs^srsssss: 

aCHO>HhHE-HHE':-H{-F-hHfiH 
CO 

r- 

in 

no 

CM 

CJ  CJ 


109 


* 

■-n 

/-^ 

CM 

>*-/ 

1 — ' 

;n 

* 

*• 

X 

X 

* 

* 

^"N 

. 

* 

H 

Eh 

* 

^-% 

• 

* 

* 

* 

^^ 

^H 

<-H 

*■ 

/-> 

r*, 

ro 

* — ' 

1 

*■ 

X 

m 

*— * 

X 

< 

* 

^-^ 

*»/ 

■z 

3 

E- 

*• 

X 

X 

O 

U 

XI 

■* 

H 

Ch 

u 

~ 

w 

* 

* 

«- 

X 

* 

* 

*■ 

a. 

s 

-* 

XI 

' — » 

* 

a: 

S 

>*-\ 

t-i 

X 

CN 

* 

X 

X 

1 — % 

^— \ 

u 

a 

* 

* 

+ 

^ 

+ 

r-< 

:n 

+■ 

X 

* 

* 

f\ 

s-\ 

/—\ 

^-* 

v— ' 

r^ 

X 

f~* 

T-H 

* 

0 

D 

CM 

2 

e 

rn 

X 

i-H 

«^ 

*• 

■ — ' 

» — ' 

v— ' 

O 

a 

>— ' 

-t- 

■~J 

X 

*■ 

X 

X 

X 

u 

u 

X 

CM 

X 

+ 

*■ 

H 

H 

H 

— 

X 

0 

* 

H 

0 

* 

/-s 

* 

* 

-M 

* 

CM 

U 

X 

> 

CM 

~H 
X 

1 

• 

CO 

^— p 

v^ 

<— ' 

v— ' 

^— 1 

r— 1 

*—/ 

* 

<T> 

X 

/-N 

^-/ 

X 

X 

X 

-z. 

X 

.— « 

X 

s~\ 

X 

^^ 

M 

/— ^ 

X 

H 

Z-i 

H 

3 

a 

^—f 

,h 

CN 

+ 

^% 

*— \ 

QC 

in 

H 

* 

* 

* 

U 

u 

X 

* 

^-/ 

00 

vO 

H 

iX 

JH 

\— ' 

*• 

X 

a 

> 

X 

X 

1^4 

X) 

-?L 

X 

■ — ' 

/-% 

a 

H 

^-< 

W 

< 

X 

^^ 

X. 

3 

> 

* 

* 

* 

3: 

3 

+ 

X 

CM 

o 

O 

O 

H 

s: 

H 

X> 

X 

X 

X 

X 

0 

—1 

s 

U 

r~ 

H 

* 

3 

H 

Q 

a 

H 

» 

*• 

v_^ 

+ 

+■ 

+ 

a 

a 

X! 

X 

X 

X 

* 

* 

Z 

O 

> 

x- 

a 

•s 

CX 

/-\ 

X 

/^ 

r~ . 

/ — » 

ex 

00 

+ 

+ 

* 

+ 

^-% 

/— s 

X 

a 

3 

2 

0 

3 

«* 

m 

H 

n 

sO 

«— « 

3 

a 

r^ 

CN 

X 

vO 

»-i 

^ 

*- 

C5 

X 

X 

ex 

Q 

j 

» — * 

-♦- 

*— ' 

w 

^— 1 

X 

X 

^^ 

•X> 

^0 

% 

X 

- — ' 

\-/ 

"31 

s 

* 

*- 

3 

- 

3 

X 

^-n 

X 

X 

X 

» — ' 

+ 

-^ 

*■ 

Q 

+ 

X 

X 

J 

X 

* 

n 

X 

CO 

CJ 

ri 

n 

r" s 

/■^ 

3— t 

H 

Eh 

X- 

X 

r-~. 

Vj 

IT) 

H 

P-i  /-> 

CM 

*■ 

J 

J 

*■ 

«. 

2 

1 

s.^ 

uO 

sO 

* 

* 

* 

/— * 

^1 

CN 

X 

X 

1x1 

1 

+    O 

CX 

n 

CM 

Ol 

in 

> 

>H 

/—N 

■x 

*— 1 

v—/ 

#-s 

^~N 

*~\ 

T-1 

* 

/— v 

1 — ' 

X 

+ 

<_> 

*~\ 

CM    *~> 

-a 

X 

X 

J 

^ 

10 

Ed 

vO 

*-4 

X 

X 

n 

>J 

— 

■~t 

^-1 

/-v 

X 

-t- 

■3* 

X 

<& 

*    X 

1 

CN 

CM 

t-H 

U 

w 

+ 

H 

&H 

■— < 

'—t 

^-/ 

X 

-H 

»H 

H 

CN 

X 

0 

^—^ 

*    H 

CX 

I 

1 

CX 

S 

< 

a: 

X 

' — V 

* 

* 

X 

X 

X 

H 

^ 

*~\ 

* 

* 

1 

Xi 

X 

/->  * 

O 

O 

H 

0 

H 

m 

^-s 

S— N 

5-H 

EH 

Eh 

* 

X 

^-J 

X, 

* 

ro 

H 

vC   *"* 

<J   X 

>- 

1 

(SI 

>- 

■S 

X 

Sl 

1 

•. 

«o 

Eh 

* 

< — t 

■=»• 

^> 

* 

-»• 

* 

r-* 

t— 1 

X 

;> 

f-% 

X 

X 

* 

w  m 

M   *- 

X 

>- 

* 

X 

N) 

>- 

S 

M 

*-— \ 

X 

v-y 

«^ 

3 

QC 

~ 

—* 

* 

H 

> 

-1 

1 

< 

y— » 

X     v^ 

*    S. 

— 1 

X 

l-< 

S 

* 

l-i 

n 

SI 

H 

a 

CM 

H 

X 

X 

a 

> 

~ 

<~^ 

1—1 

-> 

X 

v— / 

CM 

or 

PO 

H  X 

Z.    .£l 

(C 

1—1 

X 

Xj 

2: 

CO 

JD 

>-( 

s— / 

s 

<r 

■ — • 

•—j 

H 

H 

X 

X 

X 

X 

<I 

2. 

-^ 

X 

X 

t- 

\_y 

«_/  f-. 

0Q     1 

1 

CO 

1 

1 

r 

1 

1 

CO 

> 

H 

Hi 

X 

* 

* 

* 

v— ' 

^^ 

^ 

H 

^«^ 

i-t 

* 

'r-< 

+ 

H 

X 

*    * 

s: 

2. 

X 

C-l 

u 

U 

O 

* 

W 

■* 

■Or 

* 

j: 

CM 

* 

*-• 

< 

H 

■J>  'J 

II     II 

II 

II 

II 

II 

11 

II 

II 

II 

Ch 

1— 1 

•1 

<t 

v— • 

X 

X 

Nl 

■^r 

m 

CM 

CM 

CNI 

■* 

-: 

X 

X 

w 

>-   SI 

H 

«H 

Cxj 

* 

■*■ 

* 

* 

■J 

j 

-I 

_i 

x; 

3 

N 

■«■ 

•M-    * 

X! 

< 

II 

3 

XI 

£ 

s: 

S 

2. 

,-NI 

CM 

,-N 

>%; 

^1 

j- 

cc 

II 

Xt 

s: 

s  s: 

<h  m 

tr 

T) 

0 

»-* 

» 

■* 

f) 

■£> 

(A 

a: 

i 

X 

X! 

5-* 

x 

XI 

c 

J3 

Ij 

X. 

r 

a: 

X 

X 

11 

11 

y— 1 

X 

X 

lX  X 

n  -n 

n 

r> 

m 

X 

*c 

c 

0 

O 

ai 

J 

l-t 

CH 

a, 

II 

11 

II 

M 

II 

II 

11 

II 

ti 

^H 

X 

11 

II    II 

\-<   v— / 

■— 1 

^ 

v-^ 

v— ' 

*~* 

x— ' 

*— ' 

v ' 

> 

i-3 

•?* 

s 

X 

.— i 

^-f 

s: 

s:  ic 

x 

s 

s: 

2. 

s: 

£ 

s 

S 

3 

«* 

Ll> 

O 

3 

T-H 

VI 

-O 

* 

_n 

O 

r- 

00 

y^ 

— 1 

^1 

■s: 

3 

«-* 

CM    (1 

H  H 

H 

H 

S- 

Eh 

H 

c- 

H  H 

t-l 

O 

HH 

U 

V 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

CT. 

X, 

u 

>- 

>"    >• 

-1 

^-t 

r- 

O 

^~ 

— 1 

CM 

(J   O 

U 

uuu 

u  c_j 

<_) 

U 

u 

u 

u 

110 


.» 

* 

<-N 

<— v 

* 

CM 

<— N 

/-^ 

* 

X) 

m 

* 

w 

^— ' 

*— \ 

X 

X 

/-% 

»-l 

:-. 

H 

CM 

^^ 

* 

/-> 

-l- 

r*t 

*— / 

X 

/-N 

INI 

tN 

^\ 

2 

Eh 

m 

* 

* 

^T 

O 

* 

*— > 

* 

* 

\~r 

u 

/^ 

m 

X 

/— > 

/^ 

X 

3 

CM 

«H 

H 

1*1 

/— N 

:ni 

H 

* 

^^ 

w 

S3 

^"1 

*■ 

v_^ 

.—* 

•-^ 

* 

/— \ 

z 

2 

+ 

LO 

lE 

X 

»-l 

X 

CM 

^^ 

/^ 

3 

•■s 

/^ 

a 

CM 

^— * 

3 

H 

\— ' 

H 

.-H 

£ 

in 

a 

^^ 

/^ 

u 

.-* 

X 

>■ 

+ 

2 

^< 

>- 

\.^ 

w 

^ 

s 

CM 

3 

SI 

H 

+ 

CM 

^-\ 

3 

r- 

+ 

X 

^^ 

X 

* 

3 

v^ 

* 

+ 

* 

#^ 

*- 

/—> 

U 

X 

«H 

Eh 

/-> 

H 

s 

a 

<z 

Li) 

T-l 

<-^ 

*r 

* 

(M 

3 

a 

^*s 

«-l 

*- 

■^r 

<— > 

< 

Q 

3 

10 

»-| 

T 

i — ' 

r> 

r-i 

# 

* 

'^ 

• 

X 

^ 

\-f 

00 

^\ 

_5 

W 

U 

3 

S) 

» — i 

X 

T 

.Nl 

* 

CNi 

* 

— < 

+ 

ac 

X 

CO 

/-N 

Si 

W3 

3 

S) 

+ 

X 

H 

*— ' 

/— N 

*— / 

^ 

#■ 

i-i 

1 

o 

Si 

r-i 

«I 

z-^. 

+ 

32 

K- 

+ 

0 

CH 

* 

X 

^ 

X 

^^ 

m 

* 

."N 

^t 

r-t 

•»- 

* 

* 

-D 

^> 

< 

CM 

s 

i-H 

* 

/— \ 

:c-t 

W 

9- 

•N 

^— / 

/— » 

v— ' 

H 

>"• 

N) 

f^ 

/^   ^-^ 

^-^ 

•0 

J* 

* 

3 

SI 

3 

rn 

* 

2 

*^ 

^-< 

X 

— < 

^ 

X 

U 

+ 

■* 

CM 

CM    «-H 

X 

\-t 

3 

*- 

/-N     O 

•♦■ 

a. 

v-^< 

/ — * 

a 

H 

X 

H 

v_^ 

# 

JH 

>— i 

ON 

«■ 

^^ 

*      w/ 

f- 

X 

3 

^^ 

•  a 

C7\ 

x 

X 

-H 

u 

X 

H 

+ 

X 

— • 

-*- 

* 

X 

^N 

1"N 

X 

*    X 

^ 

H 

SI 

^1 

T-l     * 

S) 

■»- 

9-< 

*-• 

^ 

3 

* 

^l 

>( 

r^ 

1 

jj 

^ 

♦ 

/-> 

^3 

— 

f-S    &H 

CO 

* 

+ 

v-/ 

/■\ 

1     LU 

+ 

r-* 

* 

X 

* 

CO 

^— \ 

* 

* 

/-N 

<£ 

=> 

CM 

ao 

■^ 

w 

* 

m  * 

X 

< — s 

f~\ 

X 

- — \ 

<C   3 

X 

/-N 

a. 

H 

^— * 

•* 

^-> 

* 

X 

D 

^-« 

5» 

* 

>« 

\s 

i— \ 

X 

X 

w   7D 

< 

*-* 

r~ s 

H 

O 

E-<  3 

SI 

^r 

•s 

■x- 

^-v 

/—N 

\^ 

■—\ 

a 

-^ 

LJ 

>• 

*- 

+ 

X 

.-N 

Eh 

> 

X  Q 

* 

^— ' 

m 

* 

T-( 

CiJ  SI 

+ 

%— ^ 

>H 

a. 

X) 

/— * 

X 

CM 

X 

>— i 

v— • 

+ 

/ — % 

r^ 

6-1 

* 

■* 

SI 

H   3 

^— « 

X 

— ^ 

■Si 

V-* 

^  ■»■ 

r~- 

X 

+ 

x 

^-- 

CN 

Eh 

^.— 1 

■»> 

X 

* 

/-> 

•^ 

X 

* 

* 

(X 

+ 

•♦-     CNl 

/-% 

i-< 

X 

a 

X 

*    <-» 

SI 

/-^ 

9h 

/-> 

-t- 

X 

V— < 

r> 

* 

X 

— % 

n 

> — s 

CN 

•—y 

+ 

/™\ 

r^ 

X 

*-^ 

CM    + 

~o 

* 

H 

s 

Eh 

/~»  ^0 

■r- 

mO 

^ 

-^ 

n 

/— > 

H 

X 

<-> 

> 

H 

m 

—^ 

JD 

^ 

X 

vO 

CM 

^n 

C<! 

X) 

*■     <-% 

^-* 

3 

v-^ 

+ 

w 

m  n-- 

vO 

\— ' 

CO 

»-» 

■ — / 

^o 

S— ' 

H 

r* 

>i 

■— p 

v—» 

3 

^ 

X 

H 

X 

•~> 

•^ 

+ 

v-/ 

•♦    X) 

X 

S 

tO 

CM 

CO 

^  X 

SI 

X 

IS 

o 

X 

w 

to 

*— • 

£) 

+- 

H 

X 

t-l 

X 

>H 

* 

■♦- 

X 

X 

CM 

X 

^-^  *— ' 

H 

+ 

X 

«• 

a 

X  H 

+ 

H 

^  < 

*—> 

'—< 

X 

CC 

(0 

v^ 

» 

X 

H 

CO 

H 

•;f 

- — * 

m 

9-1 

9-i 

/^ 

^-\ 

* 

H 

CM   X 

^^ 

Nl 

<n 

* 

u 

H  * 

n 

H 

* 

«*  *• 

X 

* 

&" 

< 

JD 

X 

* 

a 

•* 

* 

* 

^^ 

«-t 

X 

1 

-i- 

-^* 

^n 

* 

-«- 

w  f-. 

CO 

* 

* 

(-1 

* 

*  t-% 

SI 

Z 

/™* 

^-*   ^-» 

—> 

^-\ 

* 

* 

-=c 

u 

* 

CO 

(-i 

^^ 

/— s 

-^ 

V—* 

-i- 

riJ 

^ 

CM 

— 

1 — 1 

r^ 

^^ 

X   *■ 

O 

* 

^-> 

Si 

t-> 

/— >  »-t 

+ 

CxJ 

X) 

x  <r 

•*• 

N, 

>— . 

/— N 

N. 

-— ' 

>~i 

* 

CNI 

r^ 

— • 

^/ 

2 

•sl" 

U 

J1 

* 

X 

X 

*r 

■* 

s 

w 

rH    <-< 

r-i 

«— ' 

-H 

—H 

•— . 

CO 

r* 

^-s 

» — ' 

^^ 

v-/ 

X 

a 

X 

X 

/ — V 

SI 

a 

X 

*    X 

-D 

X 

>— > 

>— 1 

CN 

33 

\-> 

1%) 

X 

T-l 

X 

£- 

u 

1 

a 

X 

s-> 

■* 

* 

X 

X 

H  *-* 

S 

1 — ' 

X 

Eh 

— 1 

X  H 

• 

1 

2: 

H 

'-•  H 

«— - 

^ 

X 

X 

^ 

<t 

X 

w 

H 

■— 1 

5h 

* 

3 

m 

Cb 

H 

^r 

- — \ 

^-\ 

6- 

H 

X   X 

3 

X 

£H 

*- 

>»/ 

"H  * 

^1 

ro 

* 

iT)  * 

X 

* 

H 

H 

X 

■* 

t-i 

X 

*f 

X 

■* 

^; 

* 

X 

* 

*s 

sD 

~r> 

* 

* 

O  ^ 

Q 

Eh 

* 

> 

X 

*    CJ 

1 

SI 

0 

^-\ 

w  a. 

r* 

3 

* 

ft 

c— 

•* 

H 

3 

H 

Ed 

> 

'ij 

i 

-3 

>— \ 

X 

^-/ 

^-< 

3U 

X 

CO  * 

a 

* 

3. 

^> 

H 

a.    3 

<t 

1 

2 

X 

x  x 

* 

> 

x 

X 

*- 

CO 

* 

> 

v^ 

X 

>- 

X 

CM 

<i 

^— i 

H 

X 

X 

X 

=> 

*■  c 

*- 

CO 

<. 

S 

v-< 

O   SI 

H 

CM 

HH 

>— 1 

h  x 

ex 

X 

x 

CC 

'X 

>• 

^ 

>i 

CO 

>< 

>-< 

C3 

>< 

•^ 

>-/ 

v.* 

E-i 

E- 

SI 

-0 

/-»  SI 

3 

SI 

S 

w 

10 

NJ     ^ 

u_i 

Si 

3 

3D 

*     ^ 

3 

^ 

i — ' 

X 

> 

^^ 

:» 

w 

3 

* 

* 

>l 

+ 

X 

X 

* 

* 

* 

v-< 

v-< 

m  — - 

3 

\-j 

v_^ 

» 

O 

*      * 

\./ 

+ 

3 

1 

■J  * 

X 

* 

* 

X 

X 

* 

Si 

* 

U 

rn 

CN 

+ 

-* 

a 

H 

U 

i3 

J 

tt- 

* 

w  * 

Si 

•«■ 

* 

CNI 

O 

no  CM 

* 

-* 

3 

Si 

x  ■=*• 

* 

■»■> 

r»l 

-1- 

+ 

,>J 

+ 

rsi 

* 

J 

J 

X 

.2 

*— • 

Nl 

X 

X 

^r 

m 

X  no 

+ 

CM 

.Nl 

J 

* 

3   3 

S3 

X 

►H 

*■    3 

_: 

-i 

J 

J 

3 

•Nl 

.Nl 

* 

* 

-«- 

*- 

j 

_3 

:-•   — 

-3 

,J 

CM 

Di 

CM   CN 

X 

.Z   CN 

CM 

cm 

(N 

oo 

2 

X. 

X 

II 

Ld 

S 

s: 

■^ 

X 

^1 

Nl 

CM 

CNI 

CM 

X 

2 

X    X 

II 

u 

^— 1 

X     X. 

X 

X 

X 

ac 

II 

ii 

II 

^^ 

=3 

32 

n 

S 

2 

X 

X 

II     X 

X 

X 

II 

II 

II   II 

#— V 

9-1 
3 

II 

II     II 

II 

ii 

II 

II 

O 

r-i 

CN 

CM 

II 

n 

11 

II 

II 

II 

2:     II 

II 

II 

O 

^ 

cm  m 

V— / 

X 

»H 

<r  lD 

D 

r- 

X 

<c^ 

•-i 

»^ 

--^ 

s 

a 

■^H 

.-Nl 

P0 

*r 

-T) 

■c 

5  r^ 

D 

JN 

^H 

<— » 

«-H    *^ 

is 

3 

^: 

>-      X 

•H 

X 

x 

- 

r-* 

— » 

>• 

T-i 

X 

>« 

Sm 

>t 

^-« 

as 
x> 
p^ 
vO 

in 

ro 
ni 
O 

bu 

u  u 

to 

c< 

^3 

S3 

N) 

SI 

a  si 

— 1 

SI 

s 

S! 

s 

SI     SI 

*-( 

X 

Ill 


X 

CM 

CM 

H 

«-t 

/^ 

•ft 

* 

X 

CN 

s: 

>— » 

X 

/— s 

^-/ 

X 

PH 

+ 

•^ 

2 

+ 

w 

«H 

^— ' 

a 

»-t 

X 

»H 

X 

u 

^■^ 

«-t 

H 

/— N 

r^ 

X 

H 

X 

s: 

£ 

X- 

CN 

/— V 

X 

* 

* 

X 

X 

X 

N^ 

— « 

+ 

?-% 

^^ 

a 

^— ^ 

+ 

3 

X 

v— / 

o 

X 

/— N 

Q 

^^ 

/-*. 

o 

■XL 

H 

2 

«-l 

* — ' 

X 

•M- 

£ 

/— ^ 

«-l 

X 

-* 

□ 

/-> 

X 

X 

^-' 

S 

X 

CN 

/-^ 

s 

+ 

5» 

U 

/^ 

/— N 

X 

H 

/-> 

X 

<c 

X 

>-/ 

/^ 

X 

/— N 

/— \ 

> 

X 

o 

r—> 

+ 

* 

/— ^ 

r-i 

2 

X 

X 

o 

-t- 

X 

t-l 

^r 

X 

* 

r-l 

o 

cr> 

X 

^ 

^^ 

X 

■— l 

□ 

^H 

ir^ 

a\ 

' 

^ 

^ 

X 

CN 

<— l 

H 

X 

X 

w 

'X 

X 

'/0 

U 

«— ' 

• 

£ 

X 

-D 

X 

+ 

*- 

X 

^-^ 

X 

2.- 

X 

X 

+ 

X 

X 

X 

T-t 

X 

H 

^~- 

H 

/— \ 

* 

H 

X 

+ 

X 

E-i 

< 

r^ 

a: 

* 

^H 

1 

+ 

•x- 

X 

* 

->l 

^-N 

>— 1 

H 

cc 

+ 

* 

-* 

m 

-«- 

CN 

^—^ 

z 

<c 

CO 

^-^ 

:— 

I-" N 

v_- 

^H 

■J-j 

> — * 

X 

l-N 

^-N 

-— N 

^— i 

s 

* 

X 

X 

— t 

z 

^-N 

<T 

■x- 

rn 

X 

\S 

Q 

^ 

X 

/— \ 

* 

CN 

1 

X 

^ 

* 

3 

X 

X 

X 

/-^ 

<— < 

^^ 

/ — * 

<—* 

t-l 

X 

U 

i— 1 

+ 

-— N 

^— s 

*• 

^ 

S_ / 

r-c 

X 

^•^ 

CJ 

/ — * 

X 

s— / 

+• 

1~\ 

vO 

X 

T-l 

X 

* 

H 

* 

70 

r^ 

^^ 

* 

^^. 

X 

X 

* 

r 

—4 

* 

• 

X- 

* 

r^ 

•3* 

v— t 

Eh 

*^ 

H 

r^ 

^— \ 

■«- 

/— ^ 

tt 

X 

J1 

t-S 

X 

H 

fc-1 

/— N 

+ 

»*> 

/— s 

*^ 

X 

^— * 

£ 

w 

X 

x- 

X 

x- 

^-» 

/—» 

X 

/— i 

— . 

r~ \ 

X 

-_/ 

X 

> — t 

* 

-* 

^^ 

/— v 

X 

r^ 

/— N 

1 

2 

^1 

X 

X 

H 

o 

M 

X 

»— / 

CNi 

O 

^^ 

i — » 

• 

+ 

X 

Eh 

X 

X 

X 

« ' 

^* 

t-l 

>— i 

^-N 

< 

£ 

■X- 

+ 

H 

* 

x 

>-> 

X- 

^ 

X 

* 

X 

— < 

•-< 

<-( 

vO 

Eh 

* 

En 

r^ 

> 

a 

r^ 

X 

m 

* 

^^ 

*— t 

Eh 

-i 

X- 

vO 

# 

^ 

x 

/— N 

X 

X 

H 

* 

X 

^-* 

•^ 

1 

X 

* 

^ 

* 

/•^ 

s 

3 

* — » 

EH 

— 

70 

« — i 

T— 1 

X 

X 

^^ 

£ 

• — \ 

/— \ 

~-i 

X 

^1 

X 

X 

* 

/— \ 

+ 

X 

^-t 

<t 

X 

>— . 

^% 

CN 

X 

f— ^ 

X 

-r 

X 

«- 

X 

Q 

X 

— ' 

■— ' 

+ 

^ 

X 

CN 

CN 

-— < 

-*- 

^ 

X 

+ 

> 

'■•"1 

r^v 

£- 

X 

H 

+ 

CN 

1*1 

v— ' 

X 

X 

■1- 

X 

v-- 

s. 

<-> 

Z 

H 

X 

* 

r~\ 

<—• 

+ 

*■ 

w> 

X 

^-> 

*— ' 

+ 

/— \ 

X 

w 

ro 

v_^ 

r-* 

X 

IT) 

* 

w 

X 

s 

V ' 

^N 

-1- 

X 

"£. 

^ 

X 

< — i 

E-i 

^— V 

rn 

X 

ir> 

* 

X 

H 

x 

X 

/-v 

X 

X 

X 

>— ' 

oo 

s-^ 

v_/ 

X 

/"\ 

* 

X 

Eh 

X 

X 

X 

.— \ 

T-t 

X 

X 

■»- 

70 

^-y 

m 

•— > 

H 

£ 

i~i 

H 

-t- 

*w* 

f-l 

^r 

^— ' 

-t- 

H 

X 

3 

w 

* 

X 

rr 

/— s 

r-t 

+ 

+ 

H 

1 — ' 

X 

* 

■1- 

D 

>^J 

o 

2: 

■w 

X 

X- 

X 

ID 

1 

/— V 

X 

x—/ 

i — * 

X 

CN 

+ 

H 

U 

C  CM 

■»- 

v^ 

^3 

• 

r~^ 

CN 

^-* 

X 

^-/ 

.— ^ 

CN 

< 

* 

u 

i— i 

X 

H 

s-\ 

+ 

v^ 

/— \ 

^r 

H 

00 

X 

H 

* 

CN 

« 

* 

u 

* 

>* 

X 

w 

/— \ 

J") 

■*■ 

70 

H 

X 

m 

■*■ 

* 

* 

•*■ 

X 

Eh 

» 

•V 

*!• 

X 

in 

v— ' 

*■ 

X 

E-> 

* 

* 

*- 

/^ 

<— i 

* 

* 

X 

H 

H 

X 

X 

v-^ 

* 

X 

* 

H 

»^ 

#■ 

/— \ 

/^ 

^-s 

* 

*- 

^-s 

w/ 

£ 

/-» 

Eh 

r^ 

- — * 

X 

r-i 

< 

* 

^^ 

r> 

* 

CN 

X 

r~, 

r^ 

X 

2 

* 

/" * 

~ 

r- > 

^— i 

X 

^^ 

< 

^-> 

* 

X 

/— » 

^i 

CN 

X 

r-i 

^■^ 

•—I 

2 

X 

^r 

I 

X 

X 

c- 

X 

* 

r"% 

CN 

*— » 

/— s 

w 

X 

X 

^H 

1 

Czl 

/-\ 

o 

• 

■* 

X 

<-■ 

"* 

* 

CN 

^^ 

Eh 

^H 

s— » 

^^ 

X 

X 

t-< 

W 

3 

1 

» — • 

CN 

^— » 

H 

X- 

^— > 

r> 

■*— « 

i — ' 

* — > 

CN 

X 

-«• 

X 

^— ' 

CO 

s 

vD 

v_> 

CN 

^^ 

^—4 

* 

s— 1 

^ 

^_ * 

«— « 

^ 

^-> 

X 

X 

* 

X 

•— ' 

X 

U 

rn 

X 

■X- 

X 

* 

^ 

X 

<y 

-— > 

X 

X 

\— / 

H 

X 

* 

X 

X 

o 

\-A 

X 

* 

X 

* 

/— . 

X 

.n 

X 

^-- 

Z 

X 

H 

T-l 

X 

* 

X 

£-i 

X 

£ 

S-* 

-* 

E-i 

/ — V 

ro 

H 

w 

X 

Eh 

H 

X 

* 

>• 

X 

H 

X 

s: 

X 

^ 

# 

i-> 

/— N 

^i 

H 

\s 

H 

X 

X 

■r-i 

* 

# 

X 

X 

^-i 

X- 

X- 

X 

*■ 

' — * 

*• 

«— i 

- — i 

•X- 

X 

H 

* 

* 

H 

.s 

1 

SI 

* 

1 

e-« 

* 

<— ^ 

* 

CN 

v— 1 

* 

X 

* 

H 

X 

* 

3 

> 

1 

Si 

•*• 

X 

X 

1 

o 

C 

'-> 

^ 

X 

X 

H 

tt 

C 

W 

^-/ 

^ 

X 

1 

X 

CN 

u 

* 

^ 

"* 

/-N 

v^ 

X 

X 

H 

X 

•X- 

X 

(^ 

<=£ 

> 

X 

1 

X 

3. 

X 

CN 

^r 

^ 

^r 

X 

H 

a 

x- 

X 

^» 

X 

r-> 

X 

o 

X 

w 

iC 

2 

/— \ 

^ 

v^ 

'JO 

X 

H 

X 

* 

=» 

25 

*- 

^ 

Z 

X 

L3 

X 

3 

£ 

Q 

£ 

w 

X 

^ 

— « 

1 

*1 

X 

Jl 

X 

X 

X 

r 

«■ 

^J 

X 

X 

>-H 

S3 

_^ 

X 

w 

H 

i 

■s: 

a 

z 

X 

3 

X 

i 

X 

X- 

^5 

i. 

r 

S 

X 

X 

H 

X 

^-^ 

^ 

X 

X 

X 

X 

\— / 

C 

<w/ 

2 

* 

X 

+ 

X 

t-l 

X 

•7-H 

X 

V-' 

^.^ 

X 

a 

X 

r 

"5 

' — 1 

^—/ 

■— ' 

£ 

•*- 

X 

^-> 

X 

+ 

H 

*^ 

H 

■*• 

*- 

w 

X 

w 

^^ 

* 

W 

* 

OJ 

^ 

* 

iH 

u 

X 

^ 

^-- 

H 

* 

* 

^-^ 

s 

\^ 

n_^ 

£ 

■*■ 

* 

•*■ 

X 

s 

-x- 

X- 

+ 

~+ 

* 

* 

x- 

U 

<3 

X- 

X 

* 

■«• 

-o 

■» 

m 

*- 

X 

m 

X 

6H 

1 

*■ 

> 

* 

O 

rJ 

■*- 

X 

* 

■* 

X 

rr; 

no 

m 

* 

s 

>g- 

m 

£ 

X 

PO 

>H 

>« 

SI 

IT) 

+ 

^r 

T 

J 

X 

D 

*■ 

X 

X  rn 

1— 1 

X 

X 

X 

Kl 

tN) 

X 

<r> 

-t- 

-3- 

^r 

+ 

J 

X 

j 

'3 

H»- 

X 

X 

X 

Si 

>■ 

X 

*- 

■X- 

J 

X 

J 

» 

CN 

>• 

'J   CN 

1   ^ 

X 

hH 

X 

.-0 

>- 

* 

* 

X 

X 

J 

CN 

.•N 

CN 

X 

C3 

CN 

>j 

1 

t-l 

M 

H 

^i 

£ 

CM 

CN 

CN 

X 

X 

v^ 

Nl 

X 

X 

X 

— i 

i—i 

l-H 

■£_ 

^. 

CN 

^vl 

CN 

X 

X 

X 

w 

Si 

X 

X 

X 

£ 

X 

cc 

X 

X 

X 

X 

II 

II 

II 

1 

II 

II     X 

+ 

X 

*"" 

X 

CO 

CO 

X 

c 

X 

X 

■x. 

il 

II 

II 

II 

+ 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

-. 

^-* 

,-N 

(•1 

X 
X 

II 

II 

II 

II 

II 

n 

II 

ii 

II 

o 

T— t 

■N 

m 

* 

n 

X 

CN 

m 

<* 

X 

X 

r— 

cc 

J^ 

<H 

— ^ 

«— i 

^H 

s^ 

s: 

rH 

CN 

rr\ 

^ 

in 

X 

p» 

00 

^ 

<— 1 

— H 

— i 

-H 

■»— l 

^-i 

k_> 

tC 

^ 

^. 

*; 

x 

X 

X 

X 

X 

X 

X 

X 

s. 

2 

S 

■€ 

s; 

z 

s: 

s: 

Si 

s 

s 

.^r 

£ 

S. 

2 

-Z 

■.'. 

£ 

X 

X 

X 

X 

X 

— > 

X 

X 

X 

T-i 

X 

X 

-h 

X 

cr> 

X 

o 

m 

•n 

X 

X 

X 

r 

X 

X 

X 

X 

*-i 

X 

X 

—I 

X 

X 

X 

X 

rt 

X 

X 

•^ 

IX 

112 


CM 

a 

•-I 

2 

H 

^> 

X 

Z 

£1 

'—^ 

■1- 

Cxi 

v-- 

~t 

r^ 

<-l 

J 

X 

v_/ 

^^ 

>-l 

< 

H 

X 

/— s 

' s 

»-< 

•^ 

> 

X 

* 

H 

^> 

21 

•— s 

^. 

X 

i-t 

H-l 

a: 

* 

/— N 

X 

*-< 

O 

■1- 

x> 

•. 

X 

X 

X 

^> 

C2 

^^ 

C-l 

0 

0 

/— * 

EH 

-z. 

Q 

^-^ 

a 

2 

3 

— t 

u 

CM 

< 

X 

X 

X 

* 

O 

/— \ 

* 

^ 

w 

£ 

+ 

2 

H 

> 

'-J 

— \ 

Ed 

X 

CO 

X 

^^ 

•— s 

X 

* 

5> 

X 

0 

X. 

■1- 

l-H 

H 

Z 

0 

^f 

+ 

/ — « 

2 

* 

«-l 

a 

3\ 

- 

O 

\-J 

s_/ 

r> 

,-N 

X 

O) 

>_/ 

z 

2 

X 

/™\ 

HH 

r" ^ 

/ — I 

X 

Eh 

* 

y— 1 

w 1 

X 

H 
* 

1 — ' 

-C 
^-* 
X 

X 

Eh 

+ 

fN| 

X 

H 

X 

X 

Hi 

s— * 

—1 

^ 

X 

•i- 

X 

a 

3 

+ 
-O 

Z 
X 
+ 

H-l 

0 

HH 

w 
.     X 

* 

Eh 

£ 
X 
O 
X 

D 

n 

X 

X 

- — s 

--I 

a 

* 

=- 

* 

1 

* 

r~ 

3 

00 

Ci] 

00 

>— ' 

•—* 

— 1 

H 

,N1 

<—- 

l2 

^\ 

* 

*~s 

^^ 

aJ 

z 

Q 

3 

33 

z 

X 

X 

*■ 

* 

* 

X 

* 

.-H 

X 

^-. 

1 

> 

X 

£ 

u 

<x. 

Eh 

t-> 

X 

a. 

* 

(r-> 

X 

^ 

3 

^^ 

/ — » 

<t 

=> 

+ 

X 

r-\ 

II 

X 

* 

*- 

J 

.-^ 

^> 

* 

> 

X 

2 

— < 

/ — s 

H 

2 

XI 

<J* 

r-l 

Eh 

r— \ 

r* 

z. 

2 

nn 

X 

z. 

EH 

X 

^^ 

r- 

UJ 

X 

z 

z 

y™\ 

\mS 

/—s 

r^ 

*-4 

m 

X 

X 

v— / 

z 

r 

* 

+ 

X 

— ^ 

1 — ' 

+ 

X 

H-l 

-H 

=-l 

a> 

j3 

cm 

—^ 

*— 1 

+ 

+ 

X 

X 

+ 

> 

/— \ 

H 

•w> 

* 

r-* 

^-N 

+ 

«4 

•. 

O 

\_^ 

£ 

* 

X 

X 

*— * 

/— N 

r— 

-1- 

/-N 

2 

r»i 

^/ 

X 

■~~. 

,%i 

• 

n 

HI 

^O 

a 

-1 

*S. 

r-\ 

* 

H 

^-i 

m 

vD 

/-^t 

■t- 

/-N 

«— 1 

X 

--* 

W 

H. 

■0 

^-/ 

r-l 

2: 

03 

«. 

X 

a 

X 

J-. 

r> 

+ 

+ 

v_ ' 

s_/ 

-— \ 

^J 

^ 

>— ' 

-1- 

X 

O 

— 1 

*<S 

X 

1 

X 

Q 

• 

^3 

en 

Q 

Lb 

\— / 

^ 

s-^ 

r-* 

X 

X 

in 

* 

V— * 

2 

CN 

£- 

O 

2 

X 

5-i 

<c 

1 

r-\ 

- 

X 

X 

w 

*r 

-£< 

C-l 

;— 

^— ' 

* 

X 

O 

*■ 

* 

* 

1— 1 

^-* 

* 

gH 

T 

Q 

■D 

f-i 

X 

H 

X 

r-» 

X 

\ — * 

^— ' 

* 

* 

X 

^ 

H 

U 

* 

^^ 

^> 

c^) 

* 

r> 

U 

Z 

H 

■^ 

a 

O 

•. 

Eh 

* 

-— \ 

H 

^N 

X 

X 

•-% 

r- ^ 

H 

CM 

* 

X 

f\ 

rs 

-t- 

•♦ 

^— * 

^-» 

^^ 

X 

eri 

3 

3 

r-s 

X 

H 

/■^ 

<* 

1 

iT> 

H 

Eh 

<3- 

/-» 

nr. 

* 

* — ' 

r~\ 

* 

«— 1 

s— ' 

X 

^"* 

^— » 

>-/ 

* 

1 

s: 

G 

£ 

a 

X 

=t 

'_r> 

z 

*T 

^-< 

CM 

>— • 

* 

*■ 

>-^ 

/— \ 

^^ 

— . 

X 

^— 

/— \ 

-— 1 

X 

* 

U< 

\_/ 

X 

'— * 

■n 

Cb 

a 

X 

X 

v-/ 

jj 

— * 

LLJ 

* — - 

X 

■*■ 

X 

r^ 

^^ 

X 

r"< 

X 

'Ni 

—\ 

\-^ 

' — \ 

X 

;— i 

X 

a 

X 

H 

CN 

2 

X 

• 

X 

C-l 

£ 

£ 

X 

H 

* 

b- 

m 

cn 

Eh 

-D 

g-4 

^ 

Sa/ 

X 

-0 

H 

■* 

X 

* 

H 

* 

■<«• 

X 

Q 

Eh 

£ 

c-< 

O 

a 

X 

O 

fn 

*- 

-— N 

* 

w 

* — ' 

* 

< — 1 

* 

X 

H 

^-« 

^— ' 

* 

3 

1 

X 

* 

U 

* 

1 

Z 

Lb 

r-\ 

O 

Cx) 

H 

+ 

s: 

* 

/— > 

m 

. * 

X 

X 

O 

X 

X 

H 

JL 

*- 

X 

^} 

> 

i 

>> 

b] 

> 

r^ 

cs 

< 

X 

«. 

HH 

/^ 

X 

Eb 

T 

y— \ 

X) 

w 

-O 

H 

H 

X 

H-> 

^ 

* 

3 

X 

^- 

^ 

2 

D 

t 

X 

2 

■<— 1 

z 

L5 

> 

\-J 

r^ 

H 

> 

>« 

— < 

O 

X 

-— 1 

X 

*~s 

1 

1 

2 

•—> 

.2 

O 

LO 

2 

■^^ 

X 

X 

* 

X 

s 

X 

^/ 

X 

> 

X 

Z 

H 

^-' 

•• 

+ 

Q 

i. 

Z 

M 

X 

H 

X 

*—> 

^ 

X 

-0 

X 

^» 

* 

X 

1/3 

N— 1 

v_/ 

SI 

•J 

X 

\-/ 

X 

-t- 

t 

z 

c 

—t 

a 

H 

r^ 

1— 1 

O 

r 

H-l 

CO 

H 

i — ' 

H 

* 

* 

-— ' 

X 

^— ' 

g 

/^ 

V-- 

03 

» 

if 

X) 

* 

* 

J<- 

_ 

r-( 

^^ 

H-( 

X 

:£ 

3 

a 

r^ 

/-» 

CD 

+■ 

3 

1 

* 

*- 

* 

J 

O 

-*- 

<t 

■* 

X 

(Nl 

■*- 

<t 

m 

-0 

* 

£ 

^f 

J-O 

* 

2j 

z. 

5: 

X 

Eh 

'D 

£ 

a 

^-y 

m 

II 

m 

<* 

>• 

Nl 

>■ 

X 

X 

-» 

if] 

* 

^r 

-♦- 

^^ 

T 

* 

j 

_; 

<s 

X 

a 

j 

X 

X 

t-1 

H 

>-^ 

» 

X 

X 

eh 

«™r 

U 

«-« 

>i 

l-( 

>> 

X 

0] 

* 

* 

_3 

.J 

X 

J 

CM 

,m 

X 

+ 

-» 

^1 

1 

+ 

H 

«— 1 

II 

r-i 

b 

X 

X 

s 

I) 

— 1 

r— 1 

r-\ 

-E 

£. 

N 

.» 

Eh 

"Nl 

i 

X 

w> 

O 

X 

X 

m 

>- 

/^ 

_Z 

II 

r*\ 

Xi 

e-< 

C_> 

£ 

jj 

w 

JJ 

I 

V. 

X 

0 

X 

X 

II 

I 

II 

II 

II 

>« 

II 

II 

II 

T^ 

-3 
X 

"" 

X 

— 1 

HH 

U 

X 

3 

II 

II 

II 

II 

II 

II 

II 

II 

II 

-t- 

*— N 

X 

H-( 

H 

0 

H 

X 

H-l 

Cil 

X 

s: 

O 

— 1 

rM 

n 

-r 

D 

4- 

gH 

3 

Xi 

CN 

O 

X 

r 

X 

«— 1 

>1 

m 

^f 

in 

lO 

r~ 

00 

X 

J> 

^1 

.— t 

»H 

■^ 

-^ 

^^ 

-J 

a 

a 

Q 

2- 

^ 

a 

z 

2. 

2 

3 

^ 

Z 

2 

;? 

Q 

z 

3 

z 

2 

z: 

z 

£ 

X 

< 

< 

3 

X 

3 

X 

u 

X 

X 

X 

X 

X 

X 

X 

X 

3 

X 

X 

X 

X 

X 

X 

Eb 

3: 

H 

u 

C 

H 

U 

■s 

—1 

u  u 

c_> 

r-t 

— « 

^H 

r- 

S) 
NJ 

u 

— 1 

u  u 

U 

u      u 

O 

u  u 

u  u 

U 

0  u 

113 


-O 


X 

H 

* 

H 

£1 

* — * 

UJ 

* 

c 

z. 

r-% 

CL 

w 

/-N 

< 

CN 

U 

X 

^— > 

3C 

«H 

+ 

e-i 

n 

Lu 

'— i 

W 

* 

w 

1 

.-H 

H 

rs 

/— n 

H 

CJ 

lJ 

m 

^-\ 

a 

in 

» — ' 

U 

1-4 

2 

«. 

«-« 

X 

X 

X 

a- 

X 

l-t 

rn 

ro 

h 

F-i 

u 

>- 

CN 

«. 

X 

H 

a 

+ 

ta 

H 

> 

▼-* 

'vj 

H 

'O 

■o 

i-i 

s 

> 

3 

* 

i — » 

n 

U 

/— . 

Z> 

s: 

C 

a. 

i 

LO 

< 

O 

Cij 

Q 

=3 

X 

CO 

*— ' 

c 

J 

=0 

•. 

O. 

X 

•■% 

X 

CiJ 

U 

-- 

» 

*"N 

H 

+ 

^> 

H 

+ 

> 

CN 

> 

1—1 

/—\ 

^^ 

X 

* 

/-^ 

a 

r~* 

> 

~ 

> 

▼H 

O 

<* 

r-t 

U 

■-I 

H-t 

a* 

£ 

Q 

» 

> 

*-» 

/— V 

-— \ 

/-^ 

^ 

^ 

* 

\ 

^— > 

3 

^ 

+ 

3 

«. 

CM 

s: 

<-< 

>— \ 

, — » 

i — * 

•-s 

X 

a. 

a. 

s: 

H 

J 

M 

H 

a 

^J 

> 

^ 

E-> 

o 

-h 

o 

^ 

t- 

u 

CO 

a. 

O 

[h 

v— / 

*-^ 

w 

a_ 

s: 

a 

O 

T-1 

~H 

~-t 

«-• 

CiJ 

CM 

Q 

11 

ro 

X 

X 

X 

u 

3 

m 

n 

C 

*— y 

^-^ 

~~- 

W 

ii 

II 

ii 

t- 

tH 

X 

j2 

» 

H 

£■» 

t— 1 

w 

O 

« 

/— » 

X 

X 

X 

X 

X 

•■ 

E-> 

Ll. 

*-H 

II 

II 

OS 

H 

V-* 

— * 

\£ 

H 

H 

H 

t- 

H 

'-s 

z-^s 

/— i 

[x] 

^H 

II 

> 

II 

^-« 

*-^ 

!x] 

t— • 

-J 

Q 

M 

■»- 

^ 

w 

— 1 

w 

o 

-^ 

.^J 

-.o 

II 

«— i 

u 

h-l 

H 

H 

=3 

s: 

~ 

a 

i—i 

^-| 

rJ 

■z 

g 

t/; 

CO 

*-H 

r-t 

■^-» 

M 

1-1 

►-- 

ZD 

— 

*_^ 

2 

Ch 

s 

< 

v-^ 

ti 

1— 1 

< 

a 

a 

v_< 

S-/ 

■ — - 

a 

<-^ 

£* 

z 

o 

-h 

CM 

l-i 

o 

E-i 

3 

lO 

H 

u 

u 

H 

Eh 

H 

2 

o 

E- 

\— i 

X. 

no 

> 

;> 

6-< 

J 

J 

_2 

■=r 

O 

a* 

a 

a 

3 

a 

a 

Q 

O 

r» 

3 

r-i 

3 

£ 

s 

2 

J 

J 

j 

a 

SI 

ii 

ii 

II 

ii 

a 

Q 

Q 

Q 

a 

2 

H   Q 

a 

O 

3 

a 

< 

< 

< 

^ 

X 

o 

a. 

t-l 

:l 

C-i 

X 

X 

X 

O 

Q 

X 

3 

al  2 

a 

a 

Q 

o 

u 

^ 

u 

Q 

O 

u 

w 

c-< 

U 

U 

E-* 

:-i 

H 

m 

< 

Q 

f- 

O 
if) 

OS   !r! 

u  u 


u 


u  u  u 


o 


uuu 


u 


114 


w 

jj 
j 

tr. 

<t 

H 

X 

> 
- 

o 

u 

a 

-j 


3 
S- 


3 
U 


-3 
J 

tO 


to 

(X 
H 

<r 

1 


< 
=3 


W 


~         tO 
CO  Z. 

O 


u- 

"jj  (/I 

a  xl 

<c  < 

Q  HH 

*:  m 

3  a 

.2  Z. 

X  «=C 


X 

I 

< 

00 
* 

< 


H 


O 


Id 
CO 

X 

CO 

N, 


u  z. 

SC             (-<  3 

u       j  as 

a        cl  s: 

J       s:  3 

x        ►-,  u 


a: 


H 

Ed 

Q 

td 


td 

CO 

X 


3 
U 


3 
H  • 
2  3 
Ci]    II 

X  M 

V  E-> 
Z 

l-t  [J 

H 

Cd   ?d   < 

>-l    t-(    M 

h  h  a 


3  3 

hhO 

—  —  — 

J  -j  CJ 

3  =»  <t 

s  s:  j 

H  H  i, 

m  <o 


ii  ii 

'd  H  'O 

3£  -J  DC 

H  al  H 

H  Q  lju 


CO 
l-t 

X 


X 


X 

X 

•  (SI 

CO  •» 

Ed  X 

l-l  X 

H  •> 

X  X 

Cd  X 

a,  •> 

a  o 

tX.  S) 

CL  » 

tO  X 

10  - 

<  O 

s:  x 

to 


X 


a 
x 

<: 

Cd 


'O   -0   t^ 

(-H    l-l    l-l 

xxx 

«r  <  < 
i    i    i 

x  x  co  <:  <t  < 

i— i  i— i  i—i 
H  H  £-i  H  H  H 

assacES 

o  o  o  a  a  u 

:D   X   X  Z   2   2 

«*  «i  <r  *-i  >-(  i-h 


cj  o  o  x  x  x 

U  U  CJ  u  u  u 


4  <   <  [l   i  !ii 
I— I    h-t    I— 1    3    3    o 


H   X 


3  S 
U  X 


to  CO 

to  to 
<x  <I 


X 

X 
X  i-i 

X  CO   O 
(-1  tO 

X    -3   3 

< 
X 

o 


a  o  o 

■j}  uj  Cd 

H  H  H 

<  <t  <: 


II  fii  [Li 

3  3  O 

'-d  Cd  Cxi 

H  H  H 


H  H 
2  z 


z  z  z  z  o  a 


X  H  c-' 

"d  U  U 

Z  3  tD 

M  Q  O 

3  O 

U*  X  X 

3  X  <X 


2   >H- II— I  M  M  VH ii— I 


O  U 


u  u  u 


u  u  u  u 


2  2 

3  3 

n  s. 
■s.  s: 

3  3 
a>  U  U 
x 

ID 

^r 

no 


>"  pi 

c  o 
■e  a 


n   ii   ii 

Z   J  Ix. 

XXX 

X) 

m 

u  u  u 


aCCSQ3C:r-iH5-itO-OtO 
CCXtXXXZZZtO'OtO 
3  O  3  3  3  3  'jj  Ci!  il  3  3  3 
OOOQCCs:xs:a:xx 
UOOUUUCQ'DUUU 

Z   X   •£ 
X   X   SI   X   >h   SI  II     II     II 

II   II   It 

II     II     II     II     II     II  X   M   X 

X>«MXXM 

XXS3XXSIXXXXXX 


■V          %>  >s 

,-N   00  X 

■O          ^  30  (S3 

•        I    O    X  H 

fl   O      iff  2 

<M                   ^  » 

a>  \  NN  \ 

N    rS    X    >-l 
Ct,  NI  S)  X 

■n    ^   »  ^ 


If)  00  • 

•  S  3 

IH  00  >» 

-h  •     •  m  cj 

>^  O    O   ^  X 

J  ?1  l-t 

11  S   \  H  03 

-  'J>    X    X  - 

N.  >*  >•      -  \ 


x  • 

CM  O 

S      •  •  O  V 

Tj   O  O   "V  X 

\  ^   X  X 

<   O  O   l-t  -1 

ti   X  X   X  X 

< 


u 
x 
o 


ct 
X 

a 
a 
x 

X 
X 

J 
<t 
t-« 
X 

to 


<: 
H 

3 
U 


aJ  tO 

3  c- 

x  j: 

>v  l-l 

u 

Z  "-t 

3  U. 

s:  CiJ 

3  3 

U  O 


LT) 

m 

M 
UUUUCJUUvJUUUUU 


uuuu 


115 


• 

* 

*• 

* 
* 
* 
* 

* 
CN 

« 

H 

• 

•«-< 

OS 

2 

H 

•. 

r~ 

(X 

ixl 

•> 

« 

■2 

•/> 

» 

cr> 

x 

M 

» 

\ 

>* 

EiJ 

Nl 

N 

X 

» 

u 

(X 

l-t 

•. 

r~ 

« 

0. 

l-H 

3 

•. 

- 

U 

X 

«. 

\o 

N 

•. 

•. 

as 

Cju 

as 

\ 

\ 

M 

X 

^ 

H 

CC  iT> 

• 

N 

N 

X 

Eb 

x 

Ex. 

ISJ 

"V 

O 

3   <d« 

3 

* 

Ex] 

«. 

Cx. 

•. 

XI 

-D 

a 

^;  no 

\ 

a 

O 

H     * 

• 

• 

£xl 

X 

3 

£> 

• 

X 

X  i-N 

X 

» 

a 

u 

a  3 

o 

3 

a 

X 

3 

3 

O 

• 

X 

«.  •^H 

X 

\ 

• 

X 

•. 

a  => 

'x 

^ 

u 

SI 

N) 

CO 

N 

CO 

X 

x  *o 

^ 

o 

» 

N 

u 

a:  x 

•  as 

LJ      • 

« 

•- 

*— * 

> 

H 

* 

3  <n 

X 

• 

bi 

» 

u 

x    «• 

O   Q 

>  3 

a.1 

XI 

3 

o 

- 

> 

* 

Z 

X 

X  x> 

- 

3 

lO 

N 

OS 

«  Ed 

^  as 

X   ^ 

u 

a 

3 

• 

N 

Nl 

>«. 

Exl 

^ 

X  P- 

N 

N 

>«. 

3  u 

o 

a:  > 

Qb  X 

*  3 

X 

tSl 

Nl 

1 

» 

H-l 

X 

-  ^D 

r^ 

^H 

X 

WD   3 

Ex. 

x  > 

ex    - 

Nv   > 

o 

» 

•. 

N 

\ 

CJ 

«. 

3  \n 

m 

• 

3 

2 

3  s 

»•  x 

X  \ 

■*   X 

Ex. 

CO 

3 

3 

• 

l-l 

X 

>  ^t 

o 

a 

a 

X 

X  X 

• 

3 

a:    » 

« ^o 

«*      - 

a 

3 

N) 

O 

X 

a 

i«S  no 

c 

N 

s» 

X 

»     » 

O 

i—i 

o  > 

^>  o 

■<*   ^ 

U 

3 

Nl 

•. 

N 

X 

^ 

X    CN 

o 

h 

X 

•. 

CO    3 

>v      • 

s 

x  > 

•  o 

3 

I— i 

c-J 

» 

^ 

• 

X 

■ 

X1 

X 

»  «-t 

c 

c 

C 

\ 

3   3 

« 

a  o 

< 

»  X 

o     • 

• 

s. 

•• 

-i- 

o 

> 

3 

o 

» 

>  S) 

• 

3 

- 

CO  X 

•v 

a  ^ 

2 

rj     » 

>»    >v 

1 

< 

H 

3 

N 

Nl 

N 

N 

o 

3 

>  CJ> 

1 

X 

\ 

Q     •> 

• 

X  3      - 

X 

o<  as 

H  H 

>v 

z 

3 

to 

X 

» 

X 

a 

^  x> 

N 

X 

X   3 

o 

•>  3  N 

a 

x  > 

O  Q 

IH 

X 

a 

>. 

X 

N 

3 

H 

j. 

X  P- 

H 

X 

«,  ■}» 

V 

V  X      • 

a 

*  X 

Q  Q 

a    • 

3 

3 

H 

Nl 

Nl 

z 

X 

-^D 

O 

» 

• 

Ixl   X 

as 

•    » o 

as 

<_L      « 

a,  as 

3  3 

a 

c-o 

O 

• 

» 

«. 

Cx) 

•■ 

3  lO 

3 

N 

o 

a:    *• 

a 

O    N   V 

3 

04   C5 

X  X 

>  ^ 

X 

» 

3 

3 

N 

Ni 

• 

s: 

X 

;>  <* 

X 

a  'j 

x 

Nino 

X 

X   > 

••    •. 

x  :j 

3 

3 

3 

>» 

■* 

3 

3 

X 

i«S  P0 

X 

c 

\ 

x  > 

Q 

til(N   3 

X 

»  X 

>v     \ 

••  > 

X 

IS1 

Nl 

X 

<*• 

•s 

S£ 

X  CN 

X 

3 

3 

a  > 

X 

CO  CN   X 

r-H       » 

n 

^  > 

X 

» 

•. 

X 

• 

«* 

N 

X 

*   «-H 

». 

N 

>• 

X   X 

» 

3  O      »■ 

J 

a  cij 

-* 

^   X 

X 

3 

N) 

3 

a 

Exl 

3 

•. 

H  <* 

N 

• 

> 

X 

«.   •. 

N. 

WO  X 

< 

a  > 

^« 

vD      - 

J 

X 

<I 

•. 

\ 

• 

3 

Z 

E-t 

3  a^ 

m 

3 

X 

X 

X   => 

• 

a    •   • 

a: 

a.  X 

o 

T   ^ 

<r 

N> 

2 

N 

• 

X 

i 

3 

»-( 

3 

3  TO 

CT> 

X 

» 

a  > 

O 

X  V.  O 

Cxi 

x    - 

•  CN 

^*      • 

s: 

» 

Nl 

• 

o 

t=» 

N 

Nl 

J 

a 

>  i^ 

O 

\ 

•. 

\ 

x  x 

V 

«■  H  V 

\ 

5h 

»•  £h 

3   3 

3   3 

X 

X 

» 

3 

N 

N) 

^-t 

«. 

J 

X 

*C  'O 

3 

X 

\ 

Q     « 

l-H 

>v  O  -U 

<I 

CL  O 

• 

•  V. 

>>. 

o 

CO 

s 

N 

Exl 

•. 

O 

■v 

o 

2C 

X  ID 

O 

X 

X   X 

u 

•  Q  > 

J 

x  a 

^    ^ 

1     > 

2 

3 

Nl 

il 

3 

^v 

3 

X 

X 

-«* 

3 

X 

-  > 

•. 

O   3  > 

«  > 

a  as 

V   > 

oa 

•. 

CO 

N! 

3 

•. 

>  rn 

• 

«■ 

M    X 

N 

>s   X  X 

CO 

U   X 

X   X 

>•   X 

to 

«. 

> 

3 

- 

Nl 

CO 

X 

X  CN 

1 

^ 

• 

o     •■ 

• 

co    -   «■ 

• 

z 

as    •• 

«.    •• 

X      - 

2 

CO 

> 

Nl 

•-v 

» 

z 

-£ 

X  ^ 

\ 

o 

-  3 

o 

3   N   N 

o 

l-H 

a  => 

^  ^ 

••  X 

1— t 

3 

N 

^ 

• 

V. 

M 

X 

«m 

X 

• 

M   3 

to         • 

< 

X  X 

•    • 

^ 

• 

< 

(SI 

» 

^ 

3 

• 

• 

< 

•. 

Exl  C^ 

X 

3 

N 

X-   X 

V 

a       o 

V. 

£H 

«     » 

cc 

3    3 

» 

o 

H 

« 

X 

• 

\ 

• 

o 

3 

L_l 

X 

CO    TO 

r 

\ 

r> 

•.     •> 

(—1 

X          N 

J 

Z 

a:  co 

3 

>*   \ 

o 

\ 

z 

3 

> 

3 

CO 

3 

V 

-v 

z 

3 

x  r^ 

«. 

X 

=> 

M   H 

CD 

«•       > 

3 

c 

o  X 

X 

'j!   CC 

v. 

X 

o 

<t 

Nl 

N 

£2; 

"N 

3 

3 

3 

ii 

x  o 

N 

* 

■J) 

^S 

<C  O 

«. 

>s       > 

3 

3 

X      - 

•. 

cc  a 

CO 

3 

u 

Nl 

•. 

CO 

3 

UQ 

<r 

3 

U 

X 

"in 

o 

X 

X 

3 

V. 

•  X 

X 

Ex! 

a. 

a  x 

X      • 

X 

X 

3 

N) 

N3 

3 

N 

CO  <# 

-v 

X 

» 

V    3 

o     •> 

v 

N 

>»  OS 

3 

x    »■ 

»  3 

* 

^ 

V. 

> 

Ni 

^ 

« 

Nl 

» 

\ 

N 

^.  ro 

X 

» 

V. 

\ 

tx.   X 

■V    >* 

\ 

Li- 

j-   X 

X 

»  \ 

x.  \ 

\ 

X 

Ex. 

Nl 

v 

N 

N 

» 

>s 

X 

X 

X  CN 

3 

-v 

Ex. 

X 

Cx. 

Ex. 

^ 

X 

Ex. 

X 

N 

D 

N 

X 

X 

*-! 

X 

X 

•  x 

Exi 

il 

• 

> 

X 

Exl 

• 

3 

<T> 

Exl 

X 

OJ 

• 

X 

c 

o  X 

O 

O 

3 

X 

c 

3 

O 

O 

X) 

3 

3 

en 

o 

- 

u 

• 

» 

u 

CJ 

•• 

u 

CJ 

• 

C5> 

U 

3 

JO 

\ 

N 

X 

o 

•v  \ 

X 

X 

V. 

•  s 

• 

C-0 

N 

N 

1 

T 

X 

bC 

r- 

X 

• 

• 

f 

• 

N 

N. 

x     •    t 

• 

N 

V 

X      • 

3      • 

o 

>«. 

\ 

3 

^. 

• 

3 

• 

N 

N 

XI 

Q 

o 

3 

3 

o 

H 

a:  o  o 

c 

a  3 

o 

<t 

c_, 

O 

• 

O 

T> 

i: 

N 

\ 

N 

2 

«* 

o.  n  n 

\ 

-^ 

2 

x  \ 

^  s 

^ 

^z 

■Z 

Ni 

3 

N 

1 

N 

z 

2 

-r 

r 

3 

V. 

3 

X 

3 

x  a,  x 

3 

1 — 

3 

3 

aj    3 

X 

c 

3 

3 

X 

N 

c 

^~r 

3 

ro 

X 

M 

> 

:< 

■c 

< 

3  x  > 

3 

■£ 

y 

■S    X 

X   :» 

3 

s: 

S 

<. 

3 

x 

3 

21 

s 

s: 

CN 

•i 

Ji 

X 

X 

5£S 

s 

r- 

XXX 

X 

S. 

S 

H   X 

X   X 

X 

T 

s: 

H 

Nl 

N 

N) 

Nl 

s: 

s 

•-I 

^ 

X 

X 

X 

^d 

a 

< 

3 

O 

«* 

3 

3 

<£ 

3 

3 

H 

<£ 

u 

r^ 

c 

u 

CT. 

X 

CJ 

C7N 

c 

U 

ST. 

CJ 

3 

U 

U 

0> 
30 

' — 

«-H 

IT 

on 

u 

»-l    «-l   «H 

.-H 

u  u 

CN 

^-H 

«— t 

c 

ir. 

rr 
CN 
CJ 

»-l 

rH     »-l 

-H 

u  u 

m 

CN 

u 

T-. 

U 

.—i 

—i 

--I 

^H 

3  3 

3 

in 
<* 
ro 

CN 

3 

-H 

^H 

r-l 

116 


* 

■* 

•* 

* 

* 

* 

* 

* 

CN 

-^ 

« 

* 

r- 

^-% 

>v      - 

^ 

.N 

^ 

-     «. 

X 

^H 

» 

» 

» 

•. 

Vv   >s 

% 

r~ 

— ' 

ui 

>^ 

H 

X 

o\ 

«• 

\ 

x> 

t? 

3 

». 

» 

» 

3 

> 

•  rry 

>v 

71 

•-1 

z 

3 

•          >v 

V. 

a 

2 

O   «* 

» 

* 

to 

i 

< 

o 

'I* 

X 

X 

in 

\ 

m 

o 

• 

» 

5 

• 

t— 

2 

» 

^  o 

» 

X 

t/a 

to 

z 

\  o 

«-• 

X 

3 

H  O 

^-i 

3-t 

H 

3 

X 

X   \ 

cn    • 

1 

» 

> 

3      • 

• 

X3 

«. 

2 

3 

«. 

a  ui    • 

—1   3 

10 

X 

2 

Q  \ 

• 

o 

a> 

/-^ 

X 

Z 

3 

z  3  o 

O    >v 

H 

2 

X 

a,  t-i 

o 

\ 

• 

CO 

,-N 

H 

X 

z 

x  z 

•  3 

■z. 

X 

» 

Z   3 

\ 

• 

3 

j 

r~- 

•rH 

u 

- 

X 

-XV. 

>v   3 

J- 

» 

aj 

X   Q 

A 

o 

P> 

Ui 

<o 

^-> 

H i 

^H 

^ 

>v        »<0 

3   Z 

1— 1 

X 

^> 

-  X 

Z 

>V 

2 

3 

lD 

s: 

X 

o 

> 

\  s 

z  X 

u 

o 

2: 

\  z 

X 

o 

X 

3 

<* 

3 

X 

3 

> 

X 

X      » 

1-1 

z 

X 

X 

» 

> 

» 

S 

m 

X 

^ 

O 

z 

«. 

»    >s 

Cb 

X 

«. 

- 

\ 

-2. 

\ 

CNJ 

EH  <—> 

O 

z 

X 

V 

^ 

-u 

•. 

H 

^ 

X 

X 

•-I 

«CN 

U 

X 

«■ 

Ui 

a 

a 

•  o> 

» 

H 

71 

r-\  *-* 

«. 

X 

•       • 

3 

X 

3 

o  ^ 

\ 

3 

Ti 

Ol  ^ 

<-> 

o 

> 

UJ 

o  o 

U 

2 

=> 

CM 

X 

X> 

-*  w 

2 

s 

£ 

3 

\ 

X 

^: 

•3- 

• 

C-i 

r* 

^-  «I 

-■J 

X 

X 

3 

Ul  ^ 

• 

t-i 

* 

X 

X 

\  ^ 

• 

3 

^ 

e>  ^ 

s 

» 

» 

>: 

tO  to     • 

•  o 

z 

H 

a 

3 

X  o 

3 

U* 

vn 

-1  il 

- 

X 

X 

X 

3   3  O 

O    N. 

Ui 

3 

> 

*y 

2      • 

\ 

>» 

C 

<* 

72   ^ 

z 

a. 

=> 

»■ 

Z  O   ^ 

^   al 

s: 

Q 

2 

X 

X     1 

X 

• 

-Li 

m 

X  H 

z 

z 

3 

X   Z    X 

>  3 

3 

a 

X 

» 

-  >* 

X 

o 

> 

'72 

CM 

£-•     «■ 

JJ 

X 

X 

3 

*  X   X 

>  z 

£ 

z 

«. 

X 

^  X 

^ 

>k 

3> 

Ul 

-H 

^  /-^ 

2 

«. 

«. 

X 

^    -  z 

X   X 

X 

72 

3 

z 

X 

-li 

~z 

3 

-r 

/->  CN 

r-H 

ui 

'72 

X 

^  X 

X      «■ 

O 

» 

Z 

2 

X 

» 

=> 

X 

X 

ON 

CN   «- 

X 

'/I 

K 

» 

<T\      - 

«  >%. 

\ 

2 

X 

X 

X 

•. 

\ 

2 

» 

< 

X) 

~H   ^^ 

U 

3 

X 

3 

ro  >». 

>s    vXJ 

t-t 

z 

» 

» 

>v 

X 

V 

^ 

>-•  r- 

^/   aj 

J-" 

51 

» 

3 

* 

3 

3 

X 

X 

3 

» 

X 

XI 

H  U, 

i— i 

X 

X 

Z 

ID 

3 

«< 

«. 

X 

> 

• 

V 

< 

71 

3  t0 

X 

». 

X 

X 

•  O 

• 

>• 

Ul 

2 

^ 

3 

c 

:=» 

-# 

Q  tsl 

tO 

£ 

» 

O    3 

1 

X 

X 

X 

V 

• 

3 

• 

f»-| 

X  H 

72 

3 

X 

Ed 

V      • 

>v 

1 

'72 

a 

•■ 

» 

Ul      • 

3 

O 

o 

'72 

;n 

£-•     •> 

3 

z 

•• 

3 

tO   \      • 

•  H 

o 

2 

z 

Ui 

Ed 

X   3 

• 

• 

2 

-* 

^  ^-N 

r-H 

X 

X 

£ 

C  H   3 

3   3 

\ 

>—i 

X 

X 

> 

3 

\ 

"V 

3 

►-i 

-n 

*—\    sD 

<: 

» 

X 

X 

z  3  ^ 

^   Q 

Ul 

< 

•. 

a 

=» 

Z    N. 

Ul 

M 

\ 

V 

< 

a^ 

CN      - 

H 

3 

z 

» 

x  o  a* 

X   S 

^ 

H 

X 

X 

2 

X   X 

X 

3 

=« 

X 

H 

» 

^    70 

2 

< 

X 

H 

»  3  X 

>  s 

s 

2 

Q 

» 

X 

-  3 

^ 

3 

> 

3 

2 

r» 

^^   ^^ 

3 

z 

*. 

a 

V.  S  S 

Z   X 

»; 

3 

z 

X 

a 

^  z 

X 

:> 

z 

^ 

C3 

-O 

X   > 

U 

X 

3 

a 

X    X 

X      » 

X 

U 

X 

Q 

=» 

X 

» 

z 

X 

X 

u  m 

H   2 

3 

s 

*     ■- 

-  ^ 

« 

X 

> 

* 

\ 

X 

* 

% 

<* 

i— I 

\ 

^ 

Z 

z 

^  ^ 

\ 

\ 

^ 

>v 

z 

2 

X. 

» 

"N. 

V 

\ 

m 

^  s: 

-L- 

X 

X 

X 

o> 

b. 

u. 

X 

X 

\ 

3 

» 

O  5-> 

-l- 

U. 

a> 

U. 

Ui 

^r 

^3 

T-l 

3 

w 

Cx] 

•  CM 

• 

j_ 

Ui 

• 

^r 

i. 

CNI 

s. 

c 

3 

O   T 

o 

3 

3 

3      • 

* 

JN 

2 

?■ 

3 

u 

a 

\     ^H         • 

U 

U 

^   O 

o 

o 

• 

• 

X 

c 

X 

z 

z 

3    O  © 

• 

• 

2 

? 

X 

o 

o 

o 

e-> 

p~ 

H 

^ 

^ 

<       • 
Z     1     ^ 

>^   3 

o 

\ 

^ 

3 
Z    ^ 

X 

• 
i 

>» 

V 

\ 

70 
'72 

\ 

2j 

2 

X   >v   3 

X  «* 

3 

3 

z 

X    3 

3 

v. 

X 

X 

33 

^" 

2 

O 

3 

3   3 

=>  s. 

5 

3 

3 

X 

X 

=» 

=> 

3 

3 

PO 

3 

£ 

z 

<   Z    Z 

S.   -£ 

~~ 

S 

£ 

<    2 

3 

z 

2 

2 

X 

_>l 

£. 

X 

z 

H   X   X 

X    X 

X 

s: 

s: 

E-   X 

X 

X 

X 

X 

s 

»-* 

X 

3 

3 

< 

3 

3 

•« 

3 

»— » 

3 

U 

a 

C 

u 

U 

a 

ON 

U  O 

U 

X- 

CO 

I— 

r~ 

.-< 

«-h  <^ 

T-t       1-1 

^-< 

^H 

— i 

»-! 

.-! 

«-l 

*-l 

.-> 

0 

-3- 

70 

in 

^H 

U 

u 

u 

u  u 

U 

u 

u 

CJ  u 

o 
o 


X 

• 

^-> 

O 

<c 

» 

2 

S 

«-• 

z 

a 

o 

3 

i— ( 

Eh 

o 

r-H 

H 

2 

X 

o 

H 

< 

Ed 

3 

o 

1 

*-i 

—i 

X 

o 

h-l 

3> 

U 

X 

• 

=> 

Ul 

>— l 

Ul 

o 

Ui 

3 

Lb 

* 

a 

<o 

X 

X 

(N 

uJ 

3 

Ui 

o 

X 

•» 

a 

X 

X 

3 

H 

3 

• 

72 

X 

J 

<t 

U 

CJ 

X 

3 

.l: 

< 

< 

2 

< 

X 

•. 

p^ 

3 

=> 

2 

J 

Sb 

Ul 

^H 

=i 

Z 

•f 

<£ 

3 

H 

< 

2 

H 

hH 

X 

72 

3 

72 

&H 

< 

72 

c-» 

3 

< 

3 

72 

Ui 

X 

<t 

i— t 

3 

bu 

s: 

U] 

Ui 

U 

32 

3 

a 

UJ 

H 

3 

'72 

• 

to 

J 

< 

—1 

£h 

3 

72 

^— 

H 

H 

Eh 

Z 

- 

X 

3 

4 

72 

-L. 

2 

Ui 

«-t 

> 

^i 

H 

3 

X 

X 

3 

>-i 

72 

3 

z 

Ul 

O 

H 

72 

< 

Ul 

U] 

X 

o 

< 

72 

J 

M 

72 

X 

3 

• 

> 

Ui 

<C 

ri 

X 

3 

to 

o 

— i 

u 

l-i 

i— i 

X 

72 

«c 

«. 

72 

X 

3 

H 

2 

> 

4 

X 

TH 

^ 

J 

X 

H 

H 

2 

X 

z 

• 

E-* 

2 

X 

a 

l-H 

s 

o 

•a 

M 

II 

II 

>x 

H 

II 

II 

II 

II 

X 

72 

II 

J 

72 

H 

H 

IS 

.— H 

> 

Ui 

< 

II 

3 

r-l 

j: 

72 

2 

X 

-H 

4 

3 

^2 

3 

O 

h-l 

•72 

X 

C-" 

X 

X 

X 

X 

X 

3T 

N! 

M 

< 

H 

t" 

tH 

t- 

H 

^ 

5-t 

H 

a 

uuuuuuuuuu 


117 


a 

N. 

«i 

Cd 

«. 

•. 

/-\ 

EH 

\ 

•■ 

at 

>v  >v 

in 

J 

•  ^ 

CxJ 

w 

^ 

M 

•• 

3 

Eh 

O 

• 

Eb 

V» 

3 

•. 

• 

HH 

o 

* 

■      • 

t- 1 

to 

3 

at 

CO 

*■ 

J 

a: 

o   o 

S 

Cb 

3 

>^ 

• 

CJ 

3  * 

04 

< 

3 

» 

^v   •  ^ 

Eh   • 

Nl 

H 

O   • 

H 

I  •-* 

«-« 

EH 

>" 

at 

at 

■X.   O  H 

3  3 

3 

Cb 

Q 

3 

3 

x  in 

^v 

2 

Cb 

a 

3 

>•  v.  3 

3 

< 

•. 

O 

\  >^ 

i— I 

»  » 

to 

• 

O 

» 

•)C 

2 

Cb  Eh  3 

a.  ^ 

CJ 

s 

s 

Eh  CO 

Cb 

*-*  in 

< 

CO 

SI 

> 

Cb 

Cb 

*C  > 

z  > 

w 

Nl 

SI 

3  3 

in  *-< 

H-! 

Cb 

l-H 

>< 

» 

- 

^  3  XC 

lb  ^ 

H 

Cb 

Cb 

3  S 

J 

w  3T 

3 

J 

CC 

Eb 

=> 

> 

•  Qu  Cb 

-  Cb 

at 

» 

•. 

C  Cb 

<t 

s  a 

N 

CO 

a 

». 

i<t 

2 

O  ib  - 

\  ^ 

CJ 

c 

^ 

S   - 

Eh 

3  " 

H 

< 

i 

CL 

Ci- 

Cb 

\u.\ 

V 

> 

SI 

• 

Cb  ^ 

2 

X  /-> 

* 

1-1 

>H 

» 

>. 

£h   » 

Cb 

3 

«. 

3 

x  in 

-  ^ 

0t 

0t 

Eb 

CH 

at 

3  V 

at 

•. 

\ 

>v 

SJ 

•.  «• 

\   • 

«i 

a 

•■ 

a 

3 

3 

3 

H 

H 

i-H 

e->   iTl 

•  O 

> 

u. 

at 

a 

Cb 

> 

Cb 

3 

^3 

O 

X, 

in  v-* 

o  •*• 

a 

>* 

:> 

«. 

>« 

• 

3 

3 

3 

• 

3 

w  I 

*  CN 

H 

cd 

CO 

Cb 

bit 

a- 

Cb     • 

3   • 

CO 

IS 

;g 

a 

3 

X 

CJ  x 

OJ  *-H 

3 

2 

2 

Cd 

EH 

•. 

Cb 

jg 

o 

^  3 

H 

sa 

Eb 

si 

HH   » 

*-H  >v 

a, 

a 

Q 

a, 

Z 

Eh 

» 

Cb 

V  •  ^ 

Eh  \ 

2 

Cb 

•. 

Cb 

•  \ 

Cb 

to  <-» 

^  Cb- 

~* 

M 

M 

to 

Id 

o 

Tt 

» 

o  at 

3  at 

CJ 

«. 

cc 

» 

3  3 

3 

x  n 

■Z.   Eb 

hH 

H 

H 

M 

a 

X.  in 

N.  Ui 

3  2 

l-l 

H 

s 

^ 

>v  S 

x  ^ 

a  to 

CJ 

U 

Q 

O 

> 

Cb 

3 

at  Cb 

at  Cb 

u 

O 

Cb 

CO  Cb 

to 

-  X 

X  SJ 

•J 

lb 

b 

a: 

►-1 

X 

» 

3 

a  - 

2   - 

t-H 

3 

•. 

3  •• 

lb 

t-s   33 

H  H 

o 

_J 

J 

< 

Eb 

Cb 

a- 

=> 

>•  •>» 

Cb  V 

Cb 

3 

3 

SI  ^ 

3 

m  - 

-  •> 

<x 

kb 

lb 

j£ 

bu 

^ 

^t 

2 

•  Cb 

» 

Cb 

SI 

SI 

Cb 

CD 

v— '  ^-x 

^  v^ 

H 

'-lj 

Cd 

at 

Cu 

Eh 

Cb 

Cb 

o  - 

X 

lb 

Cb 

lb 

•. 

< 

Eh  ^n 

•  • 

2 

3 

3 

o 

Q 

o 

» 

» 

^  ^ 

o 

«. 

» 

• 

">. 

i— I 

3  » 

3  O 

o 

'-U 

U 

3 

5H 

C-H 

EH 

u 

3 

^H 

3 

X 

3  in 

«-h  * 

u 

CE 

a. 

a 

3 

3     • 

• 

X 

3 

^ 

• 

< 

T*  v^ » 

*  vD 

Cx3 

3 

>v 

CO 

>i 

3 

Q 

3    O 

3 

'Ji 

Cb 

3 

3 

3 

> 

X  X 

cn  m 

to 

a 

Cd 

m 

2 

Cb 

.at 

a- 

wb   • 

• 

2 

«. 

3 

X 

»  «I 

^H  V. 

•J* 

^\ 

3 

3 

•* 

►H 

» 

^t 

s 

X  3  \ 

3  V. 

HH 

Eh 

-T 

Cb 

•  ^ 

CO 

/^    V 

>s  > 

l-t 

m 

3 

2 

>* 

< 

Eh 

Cb 

ib 

Cb   a. 

a, 

< 

3 

lb 

v 

3  a 

2 

in  «-> i 

CJ  2 

<t 

*-^ 

a: 

< 

• 

Eh 

O 

- 

- 

sc 

^  2 

=H 

3 

- 

\ 

s 

I— 1 

w  n 

H-1  1— 1 

H 

z 

s: 

ao 

2 

O 

EH 

EH 

>v  V.  Eb 

at  Cb 

2 

3 

^-1 

>v  Cb 

4 

H  » 

tO  2 

-12 

a 

ii 

II 

s: 

«. 

3 

>- 

3 

3 

;>  » 

3  ■» 

3 

X 

a 

3  » 

H 

<  >n 

X  H 

a 

u 

a 

o 

U 

Eb 

3 

3 

><  V. 

jb  \ 

CJ 

Cb 

3 

S)  \ 

2 

X  v_» 

H  - 

u 

3 

at 

!0 

u 

• 

a. 

at 

Cb 

Cb 

a 

Cb 

3 

x  > 

«  \ 

<t 

< 

o 

'v 

x 

^: 

^ 

^ 

•■ 

>v 

>v 

\ 

^ 

• 

^ 

U 

X  2 

\  • 

\ 

\ 

E-i 

Eh 

n 

«. 

Exi 

Cb 

lb 

-L. 

>v 

\ 

lb 

Cb 

ib 

3 

^ 

HH 

•  O 

H 

H 

3 

-a 

o 

lb 

Cb 

• 

Cb 

Cb 

^ 

V  s 

o  * 

3 

3 

Cb 

b 

u 

• 

td 

Cu 

o 

Cb 

lb 

\ 

3 

3  I 

*  CM 

CL 

Oc 

O 

Q 

3 

o 

O 

o 

\    • 

• 

3 

3 

H 

■ 

3 

3 

CM  -rt 

2 

2 

^ 

u 

u 

H   •  3 

c 

U 

U 

3 

•  3 

£ 

SI 

*-H  "X 

M 

M 

II 

II 

II 

z 

X 

3 

3  0""^ 

•  ^ 

• 

> 

> 

3 

3  X 

X 

X 

^  CJ 

^ 

\ 

3 

^ 

\ 

3     Eh 

3  Eh 

o 

•v* 

\ 

3 

H 

\ 

N, 

Ei  t-t 

^N 

i— •■ 

•-. 

u 

X    3 

3 

\ 

X 

q 

a  to 

2 

2 

*—■ 

» 

m 

3 

s 

• 

3 

a,\Q 

X  3 

r 

7Z 

1 

2 

■b 

N.  3 

2 

• 

^ 

3  a 

O 

3 

\~^ 

*— ' 

v— / 

3 

ij 

C 

3  at 

>  > 

3 

3 

3 

3 

3  3 

3 

J 

C 

X  X 

21 

ST 

2 

2 

2 

< 

z. 

jj 

X 

«*  X  ^ 

^  2 

2 

2! 

Cb 

3 

< 

S)  S 

s: 

b 

.£ 

H  Eh 

s 

s 

3 

£3 

c 

H 

s 

3 

£ 

Eh  Cb  Cb 

lb  Cb 

lb 

S 

3 

S 

EH 

Cb  Cb 

s: 

c 

Z 

Q 

3 

u 

U 

u 

<* 

a 

D 

a 

<I 

3 

3 

a 

< 

3 

o 

3 

OS 

a 

u 

3 

3 

3 

3 

c; 

Z 

V 

3> 

3 

U 

s; 

u 

3 

a> 

CJ 

s. 

CJ 

JO 

XI 

X 

r~ 

r~ 

r~ 

«■*  *^ 

n 
on 

r-i 

^H 

m 

»H  .-4 

*^  i— i 

—4 

•H 

rH  ^H 

* 

IN 

*•* 

U 

u 

u 

u  <j 

U 

u 

<J 

u  u 

U 

u 

U 

u  u 

u 

u 

U 

U 

u 

u 

CJ 

118 


J 

^ 

<t 

• 

^^ 

l-H 

-3 

^* 

H 

3 

*—t 

3 

i-i 

a 

3 

X 

x 

a 

i-i 

H 

t-i 

» 

• 

s: 

a 

» 

» 

• 

(X 

3 

V. 

o 

ex 

> 

r- > 

>v 

O 

a 

X 

• 

* 

3 

X 

<^* 

• 

*■ 

3 

H 

o 
*- 

IT) 
CM 

H 

/-^ 

^r 

o 
* 

\0 

•-• 

uJ 

Cb 

l/> 

•■ 

\ 

>— I 

^ 

s_^ 

«* 

» 

■X 

00 

3 

X 

\ 

V 

1 

3 

^^ 

> 

>v 

\ 

> 

H 

l-H 

e: 

• 

I 

X 

a 

s 

• 

X 

C 

3 

X 

X 

3 

3 

■> 

J 

o 

- 

o 

o 

•. 

z: 

3 
3 

r-1 
< 

X 

i— i 

X 

X 
X 

-T) 

• 

< 
<3 

> 

X 

< — » 
* 

> 

X 

* 

v. 

• 

U9 

Ed 

s: 

3 

H 

» 

\ 

3 

t-i 

» 

«■ 

» 

\ 

o 

CO 

^ 

3 

X 

X 

< 

\ 

X 

-* 

H 

/— \ 

^r 

\ 

> 

* 

u 

H 

3 

H 

J 

i-l 

X 

x 

• 

X 

SI 

X 

•* 

^^ 

• 

X 

c 

u 

< 

3 

X 

3 

K 

3 

o 

«. 

T^ 

3 

«w^ 

> 

3 

» 

«-l 

a 

t-i 

X 

jj 

3 

Eh 

3 

* 

\ 

^ 

> 

o 

3 

* 

\ 

^ 

x 

cfl 

■-*L 

—1 

3 

< 

H 

3 

J~. 

• 

X 

l-H 

•* 

tr 

• 

> 

r~ \ 

a. 

u 

X 

x 

x 

2 

^ 

o 

X 

Cb 

00 

/"\ 

i"> 

\ 

o 

X 

•-0 

J1 

j 

2. 

*H 

3 

< 

3 

•* 

«. 

a 

> 

"* 

-1- 

3 

•* 

» 

H 

to 

» 

Ed 

3 

<c 

i— l 

3 

-x 

3 

E 

*-H 

l-H 

ir> 

V. 

X 

v— ' 

". 

<~f 

-O 

\ 

2 

H 

\n 

£h 

3 

H 

[fa 

Ed 

3 

3 

OS 

00 

■,N 

• 

00 

•. 

> 

T 

00 

^^ 

• 

3 

'-I 

g 

00 

*-> 

<t 

J 

■2. 

X 

u 

H 

X 

X 

<t 

X 

\ 

o 

3 

^> 

X 

~~ 

> 

\ 

3 

E 

•* 

J 

H 

X 

s 

X 

3 

3 

3 

3 

3 

< 

*3 

■3 

X 

X 

* 

J 

«?• 

«. 

=> 

X 

> 

* 

3 

v-< 

X 

2 

X 

l-l 

3 

Q 

O] 

X 

u 

l-l 

i-i 

CO 

» 

<r 

n 

X 

v_/ 

/— N 

X 

» 

< 

^r 

X 

> 

OO 

Cd 

13 

» 

Eh 

X 

3 

i— 1 

as 

3 

X 

■=c 

X 

\ 

- 

n. 

< 

H 

-* 

- 

^v 

■> 

^ 

3 

SI 

H 

X 

^: 

r- 1 

t0 

X 

51 

a 

Ed 

J 

<c 

3 

3 

• 

\ 

u 

H-l 

O 

- 

/■^ 

• 

\ 

rJ 

00 

•. 

2 

3 

CJ 

in 

-I-l 

3 

3 

< 

3 

> 

yr 

X 

z> 

• 

l-l 

X 

a 

^r 

# 

3 

• 

i-i 

< 

/— k 

3 

•O 

X 

» 

X 

X 

H 

H 

x 

X 

*■ 

r> 

00 

<I 

> 

i — * 

» 

* 

3 

w 

3 

iT) 

X 

<* 

3 

J"> 

3 

H 

'J 

Q 

'c 

=- 

X 

^-i 

-I- 

m 

* 

X 

> 

X 

=> 

^r 

^ 

«- 

> 

S 

^-^ 

td 

u 

to 

^_-< 

H 

3 

H 

3 

3 

X 

3 

a 

\ 

in 

X 

- 

=c 

i — * 

V. 

0 

X 

X 

X 

z 

< 

X 

< 

3 

J 

3 

X 

3 

2 

X 

X 

a 

3 

H 

^i 

». 

in 

/^ 

» 

> 

H 

T-^ 

* 

00 

SI 

3 

3 

X 

H 

X 

H 

l 

2 

HH 

l-H 

x 

X 

•-o 

O 

\ 

'v 

z 

■* 

<-\ 

X 

a 

\ 

^ 

2 

» 

CO 

3 

X 

» 

oO 

1 

3 

on 

-J 

l-H 

X 

u 

1 

— H 

X 

=> 

• 

— < 

•~y 

T 

» 

^ 

^> 

• 

l-H 

^-N 

< 

13 

.— - 

3 

00 

X 

CO 

H 

u 

o 

X 

X 

3 

< 

H 

- 

*— % 

> 

2 

3 

<z 

CN 

3 

X 

3 

in 

J 

X 

J 

.J 

<z 

3 

3 

< 

3 

X 

2 

X 

i-H 

* 

H 

< 

^r 

^r 

X 

—i 

* 

r-i 

r-l 

X 

c 

3 

> — ' 

< 

•* 

< 

3 

X 

3 

3 

X 

00 

<£ 

- 

e: 

S> 

2 

X 

»-- 

v — 1 

«. 

s: 

D 

2 

s— / 

s: 

a 

o 

H 

3 

H 

•o  c 

>—i 

-h 

X 

^ 

\ 

X 

Ol 

3 

> 

> 

3 

s 

> 

^H 

O 

in 

J 

o 

M 

■z. 

a 

Z 

00 

Si 

3 

X 

[fa 

a 

a 

X 

• 

- 

^v 

3 

X 

X 

^H 

• 

.. 

\ 

u 

SI 

3 

31 

X 

to 

~ 

U3 

3 

J 

3 

'■O 

H 

3 

2 

to 

3 

o 

v. 

X 

l-H 

00 

3 

*v 

> 

a 

< 

X 

SI 

S 

<c 

2 

— i 

X 

•=£ 

,2 

SE 

*■ 

• 

o 

v. 

•V 

s 

=■ 

* 

• 

3 

■v 

^ 

o 

H 

-3 

x 

l-l 

i 

»-H 

l-H 

O. 

< 

Ed 

s: 

< 

00 

~ 

3 

n 

o 

■> 

O 

CI. 

^> 

ex 

<3" 

3 

k 

o0 

CO 

X 

2 

< 

x 

-=r 

tX 

H 

3 

H 

> 

r-H 

CO 

i 

X 

v. 

* 

^ 

o 

a 

\ 

* 

^ 

<I 

<: 

a 

3 

a 

-i- 

— 

1— 

^r 

10 

2 

ii 

X 

'3 

3 

— 

c- 

n 

• 

s. 

si 

~— 

* 

• 

td 

3 

X 

S) 

»-H 

X 

x 

X 

x 

r-H 

-I 

3 

;g 

00 

<t 

^ 

o 

> 

> 

<X 

S, 

3 

s. 

X 

E- 

>-H 

C-H 

—i 

II 

X 

> 

3 

< 

X 

3 

* 

\ 

\ 

X 

3 

■X- 

\ 

\ 

3 

X 

X 

ii 

ii 

II 

X 

c 

X 

II 

3 

X 

M 

^ 

> 

M 

X! 

X 

3 

3 

ii 

3 

«. 

3 

3 

s 

X 

73 

!>» 

2 

2 

X 

'A 

^H 

^ 

s; 

Eh 

X 

3> 

H 

J 

— i 

> 

X 

3 

3 

\ 

3 

C 

rj 

\ 

Q 

3 

■4 

— t 

JT 

00 

2 

x. 

II 

II 

M 

II 

< 

X 

r 

£ 

^t 

eX 

> 

> 

i£ 

X 

II 

II 

II 

X 

US 

o 

3 

►— 

•- 

00 

H 

X 

a, 

s: 

X 

Eh 

X 

a. 

s: 

X 

X 

X 

X 

X 

c 

x 

X 

X 

X 

X 

r 

<s 

3 

a 

<r 

3 

O 

E- 

X 

> 

2 

X 

X 

X 

X 

X 

<t 

3 

e 

X 

X 

» 

x 

3 

U 

u 

c 

U 

u 

Sl 

s 

SI 

3 

--I 

-r 

~H 

<-H 

.-« 

—1 

H 

—4 

u  u 

u 

U 

U 

u 

3 

u 

u 

3 

u 

U 

3 

U 

u  u 

3 

3 

u  u 

3 

3  3 

u 

3  U 

119 


* 

* 

* 

* 

* 

6-1 

* 

* 

*■ 

3 

* 

*• 

* 

a. 

* 

* 

* 

H 

H 

* 

* 

* 

X 

■H 

H 

Ei 

H 

H 

X 

*- 

*■ 

* 

o 

X 

X 

X 

X 

X 

a 

*■ 

* 

* 

* 

>v 

a. 

a. 

a. 

a. 

a. 

H 

* 

* 

* 

* 

H 

X 

2 

2 

2 

X 

X 

* 

* 

* 

* 

X 

H-l 

H-l 

l-l 

H-l 

H-l 

Q 

* 

#■ 

*• 

^\ 

*• 

a. 

* 

* 

*■ 

CO 

* 

2 

*■ 

*■ 

*• 

'-U 

X 

# 

>-l 

* 

*- 

*■ 

cj 

X 

*• 

• 

* 

#■ 

*■ 

«* 

X 

•* 

Q 

* 

* 

*• 

' — ' 

*- 

LU 

* 

*■ 

* 

• 

* 

H 

* 

* 

*■ 

2 

o 

* 

<C 

* 

■ 

* 

* 

o 

2 

*■ 

2 

X 

* 

*• 

* 

H-l 

* 

l-l 

* 

*• 

* 

H 

% 

*• 

S 

2 

*■ 

* 

*• 

< 

o 

* 

X 

l-l 

1— 

* 

* 

*■ 

5. 

o 

* 

H 

.J 

■If 

*■ 

* 

1-1 

X 

*■ 

h-l 

u 

tO 

* 

*- 

*• 

E-i 

a, 

* 

s. 

3 

* 

*■ 

*■ 

to 

*• 

<t 

a 

#■ 

*• 

■* 

'aJ 

*- 

•- 

o: 

U 

* 

*■ 

*■ 

*■ 

3D 

2 

* 

*■ 

* 

H 

* 

IH 

a 

Q 

*• 

*• 

* 

Z 

* 

* 

u 

-^ 

2 

* 

*  <-l 

* 

u 

* 

/™\ 

wrj 

<£ 

<t 

* 

* 

* 

H-l 

* 

<I 

-j 

Q 

Q 

■«- 

*  z: 

* 

CJ 

*■ 

g- 

X 

2 

< 

X 

X 

X 

* 

* 

*• 

l-l 

* 

II 

j 

<t 

"4 

a: 

* 

* 

*     » 

*■ 

Cb 

* 

•. 

< 

2. 

^ 

U 

j 

<t 

*■ 

*  J 

*• 

Cb 

* 

J 

U 

> 

< 

<~ 1 

i-i 

H-l 

H-l 

* 

* 

* 

-J 

* 

X 

X 

H 

* 

*     » 

* 

O 

* 

«. 

H 

o 

2 

JO 

CO 

a, 

a- 

CJ 

* 

*  2 

•*■ 

u 

* 

^ 

U 

a: 

l-l 

3 

^ 

H-l 

:— 1 

3 

* 

*■ 

*■ 

* 

3 

Cil 

s: 

z 

'—> 

H 

C 

*• 

*■       - 

/— \ 

*• 

cj 

* 

- 

a 

tsl 

to 

X 

X 

X 

X 

o 

* 

*  cj 

SI 

*• 

l-t 

* 

u 

a 

•3 

X 

J 

X 

X 

a: 

* 

*- 

1 

*• 

s 

* 

a: 

txl 

O 

o 

o 

£ 

Si 

X 

■«■ 

<— i 

*     «• 

o 

*■ 

< 

* 

«. 

a. 

X 

X 

U 

<J 

*• 

»i 

*    X 

«. 

*• 

2 

* 

■a 

Ei 

X 

X 

X 

* 

\^ 

*■ 

r 

* 

■>* 

* 

X 

Eti 

rj- 

Eb 

H-l 

H-l 

i-i 

* 

CJ 

*      » 

i 

* 

o 

* 

« 

i— i 

>• 

O 

a 

O 

X 

cc 

X 

* 

» 

*    <£ 

=t 

* 

o 

H 

*■ 

<r 

a: 

X 

H-l 

r-i 

H 

* 

/^ 

*■ 

\^ 

* 

a. 

X 

«■ 

H 

ex 

X 

X 

<t 

•4 

<c 

*• 

—1 

*    h^ 

00 

*■ 

u 

3 

* 

s-^ 

< 

gg 

U 

LJ 

CjJ 

z 

S 

X 

* 

%— r 

*• 

* 

* 

<t 

s: 

* 

s 

o 

X 

X 

X 

■»■ 

X 

*    H 

J 

*■ 

* 

H 

l-l 

z. 

Z 

z 

X 

£ 

s: 

*■ 

«■ 

*    J 

<t 

*■ 

i 

i 

* 

j 

^j 

t-l 

X 

z; 

3 

X 

X 

X 

* 

*— N 

*    3 

W 

* 

* 

3 

X 

>« 

2 

^ 

3 

X 

X 

2; 

* 

*-l 

*    S 

X 

•»• 

[>J 

li- 

■»• 

S 

H 

u 

■X- 

<-^ 

*■ 

*- 

3: 

st 

* 

l-l 

1 

i 

1 

1 

i 

1 

* 

< 

*    LlJ 

— 

* 

«4 

<c 

* 

jj 

^L 

J 

■M- 

*  2 

1— ' 

* 

2 

2 

*• 

2 

c- 

a. 

CO 

•«• 

2 

*  t-l 

^ 

* 

* 

i-l 

X- 

—i 

H 

*- 

o 

*  H 

H- 

*■ 

z: 

U3 

* 

H 

'iJ 

a. 

H 

2 

* 

H^ 

*   3 

J 

■* 

o: 

2 

* 

b 

A 

2 

-3 

CJ 

•»«■ 

o 

*   O 

1. 

*■ 

x 

t-t 

* 

o 

D 

a 

3 

s: 

* 

•z* 

*-    HC 

z; 

* 

-J 

H 

* 

^ 

a. 

ro 

Z 

X 

-» 

—. 

.X 

<t 

X 

CJ 

* 

S 

*  x 

H- 

*■ 

c 

=3 

* 

CD 

a: 

ID 

* 

s:  en 

*  r> 

•«■ 

x 

3 

■* 

■=> 

3 

X 

#■ 

H-l    CD 

*  so 

*■ 

a 

a: 

* 

W5 

a. 

<X 

* 

Q  r- 

#■ 

*- 

* 

•* 

45 

*■ 

* 

* 

* 

ID 

* 

*■ 

* 

*■ 

<# 

■*• 

*- 

* 

*■ 

m 

•*- 

# 

*■ 

* 

CN 

cj 

CJ  CJ 

CJ  CJ 

cj  cj 

u  u 

o  u  u 

u 

u 

u 

o  u 

CJ 

CJ 

(J 

u 

CJ  CJ 

U  CJ 

U        U 

^ 


^  LU 


o 

no 

O 

6-« 

Q 

C3 

X 
• 

• 

o 
aj 

o 

2 

• 

s:     • 

J 

-  X 

+ 

•.  ^-> 

T-l 

-*  n 

II 

t] 

i— i  — i 

II 

r— I 

ti  w 

/— » 

Cu 

«X    II 

-3    -3 

II 

X 

T   ^ 

O    ^-<   T    "H  O     i,     £. 

HllrtUHHII^MT 


o  n  o 


o 
o 


ana 


120 


^   Z  J 

w   4-  +■ 

z  _: 

h  ii  x  ^       2: 

11  ~  + 

2  11  11    jJ 
n  *:  *:  3  t 

"O   Z  J   Z   «-i 

II     3   «   i  ^   H  til 

CN   U  -3  -"3   H    II    => 


T3   Q 


0  ""3  M  M 
(JH  t<3 

2  Z  2 

O   W  Ct. 

oh       :o 

3  00  jl  Z 

0000m 

01  .-»■>  ^r  10  <* 

1*1 

01 


121 


* 

*• 

* 

*- 

* 

H 

# 

* 

* 

3 

* 

*■ 

* 

O, 

* 

* 

* 

H 

H 

* 

* 

* 

3 

E-< 

H 

3 

H 

H 

* 

*• 

*• 

a 

3 

=3 

CL 

3 

— 

*■ 

*• 

* 

\ 

a. 

CL 

H 

CL 

CL 

* 

*• 

*■ 

H 

s 

2 

Z2 

2 

z: 

* 

*■ 

* 

• 

3 

i—i 

1— 1 

a 

H-1 

i— i 

"  *- 

¥r 

^-\ 

* 

y2 

a. 

* 

*■ 

w 

* 

^J 

z: 

* 

■X- 

u 

X 

*■ 

u 

l-H 

* 

* 

o 

X 

* 

t-t 

* 

■X- 

< 

X 

•x- 

■x. 

*■ 

* 

w- 

#■ 

H 

* 

* 

• 

«• 

<t 

* 

*• 

Z 

a 

* 

•z. 

* 

* 

o 

z 

* 

* 

* 

l-l 

#• 

z. 

*- 

■X- 

H 

• 

* 

X 

■x- 

*• 

< 

cs 

*■ 

2: 

^-^ 

* 

*• 

s: 

o 

* 

• 

CJ 

* 

* 

i-i 

ex 

*■ 

uJ 

H 

* 

* 

C-l 

a, 

* 

i 

U 

Q 

•X- 

■X- 

W 

* 

< 

T7 

U 

z: 

* 

* 

& 

* 

l-l 

< 

■X- 

Z 

*■ 

* 

U 

H 

C2 

* 

(X 

* 

H 

*• 

CO 

3 

» 

•»• 

3 

*■ 

Z 

*• 

Q 

i-i 

■=1 

J3 

* 

H 

*■ 

Co 

*■ 

2 

G 

•X- 

CJ 

*■ 

1— I 

*• 

«5 

« 

^ 

■X- 

X 

* 

cj 

•x- 

r.J 

02 

< 

* 

*• 

t-t 

*■ 

«. 

ce 

■X- 

/— » 

• 

/-\ 

* 

Cb 

r^» 

n 

E-> 

< 

■2. 
I-I 

■X- 

* 

^— \ 

£ 

*• 

jj 
o 

•*• 

s: 

<t 

2 

a 

a 

12 

2 

CO 

* 
* 

o 

« 

*• 

u 

* 

•. 

2 

2: 

12 

>— l 

,z 

* 

• 

2 

* 

* 

z 

LU 

a 

UJ 

^ 

Z 

x 

*■ 

o 

/™\ 

■X- 

CJ 

•x- 

cc 

^j 

Ci 

Q 

<C 

^2 

CD 

* 

/— > 

Cxj 

« 

«. 

M 

*• 

l-l 

*• 

«. 

^J 

Czl 

a 

a 

3 

J 

* 

*-l 

■ 

u 

1 

o 

■X- 
* 

2! 
< 

■X- 

o 

X 

•^ 

< 

<t 

<c 

X. 

o 

* 
* 

s 

^ 

^ 

#■ 

Z 

•X- 

». 

u 

X 

X 

'ui- 

■X- 

^— I 

Si 

X 

*- 

>H 

* 

02 

•. 

1— 1 

^1 

o 

•JU 

[b 

¥r 

» 

/■^ 

1 

■X- 

Q 

* 

X. 

Q 

X 

X 

c 

a 

■X- 

^N 

• 

T 

«. 

< 

#■ 

O 

* 

«. 

Z 

H 

H 

s 

* 

*H 

CC 

h- 1 

<t 

v— > 

•X- 

ex 

a 

* 

< 

+ 

4: 

< 

< 

3 

ct 

CL 

■X- 

v-> 

3 

w 

N— ' 

3D 

* 

* 

■X- 

< 

4 

* 

\m* 

<t 

^ 

s 

e: 

/2 

Cx] 

12 

tx2 
J3 

* 

J2 

• 

32 

a 

J 

■X- 

* 

CO 

^L 

s. 

■£ 

SL 

-2 

* 

•■ 

/-*» 

Z    -t- 

Q 

< 

•X- 

1 

I 

•* 

a 

II 

X 

X 

X 

Z; 

"Cj 

•X- 

/— \ 

o 

< 

Ex] 
X 

■X- 

UJ 

uC 

* 

u 

< 

^ 

•£: 

2 

2 

Ci 

* 

•X- 

• 

u 

* 

£ 

Z. 

* 

1 

i 

1 

1 

1 

* 

< 

c 

1— 1 

Z 

H 

* 

<a 

< 

■«• 

JU 

[» 

■X- 

[xj 

^ 

II     ^-> 

H-) 

h-t 

* 

z 

z 

* 

H. 

H 

•  • 

w 

•X- 

z 

• 

<s 

H 

U 

M- 

* 

—1 

3/ 

it) 

r-i 

* 

— t 

* 

-j         x3 

CO 

t-H 

■X- 

s: 

Ex] 

■X- 

H 

ijJ 

a. 

E-i 

z: 

* 

l-l 

2. 

M      II      3 

a 

J 

•X- 

j: 

ZC 

■X- 

^ 

i/j 

x 

-_> 

^ 

■* 

0Q 

V— / 

c; 

z 

z 

X 

Oi 

■X- 

OS 

l-l 

* 

O 

C 

3 

Z 

s 

* 

Z 

O    «H 

X 

aa 

s 

•X- 

-J 

H 

* 

X 

X 

U 

^— ' 

ZJ 

<=t 

JO 

CJ 

H. 

s 

* 

J 

\^ 

II 

.-M  -3   H 

C3 

ON  =3 

l-l 

¥r 

o 

3 

* 

^ 

03 

a: 

'J 

•X- 

SL 

cr 

l-H    Z 

cr 

H  O 

x  i/2 

*■ 

X 

a 

•X- 

30 

3 

3 

JC 

*- 

HH 

u 

-L. 

S 

3^3 

X 

il   2 

r^ 

* 

CL 

(X 

* 

r— 

t/2 

0u 

<r 

* 

o 

l> 

M 

z 

Q  U  CJ 

p» 

X    CJ 

-O 

* 

* 

\D 

* 

Si 

o 

J3 

■* 

* 

n 

* 

iT) 

O 

yT> 

<* 

■X- 

■X- 

j- 

* 

xT 

>J 

-r 

m 

* 

* 

m 

■X- 

m 

m 

CN 

* 

■X- 

v-M 

* 

Oi 

CN 

U 

u 

CJ  CJ 

U  U 

uuu 

u 

u 

U  U 

u 

U 

CJ  u 

CJ 

CJ 

CJ 

CJ 

U 

u 

U  CJ 

u 

U 

CJ 

u 

x  to 


122 


OB 

:0 

U 

X 

CO 

-J 

• 

* 

X 

< 

* 

*■ 

* 

as 

*- 

3 

3 

*• 

* 

* 

< 

* 

< 

*• 

* 

*■ 

-3 

* 

< 

*■ 

* 

* 

3 

l-H 

* 

J 

* 

* 

* 

0 

II 

* 

QC 

<: 

*• 

* 

•»■ 

2 

2 

* 

o 

U 

* 

* 

* 

M 

* 

-u 

i— i 

/■* 

*■ 

* 

«■ 

1/3 

X 

*■ 

* 

X 

O 

* 

* 

* 

O 

* 

2 

Ed 

X 

*- 

* 

* 

CO 

X 

* 

o 

s; 

1 

* 

* 

* 

H 

*- 

H 

3 

^0 

* 

* 

* 

Cd 

* 

H 

^ 

• 

«-H 

* 

* 

*• 

X 

10 

* 

t 

<e 

n 

1 

*- 

«■ 

* 

H-t 

<t 

* 

X 

2 

3 

2 

J1 

* 

*- 

* 

X 

u 

* 

M 

—i 

H 

s— 1 

* 

* 

* 

H 

1<- 

X 

.£ 

X 

* 

* 

* 

•I 

J 

* 

H 

M 

2 

X 

* 

+ 

*• 

£ 

< 

* 

< 

J 

a 

2 

'73 

* 

* 

* 

i-H 

* 

«E 

li! 

i— i 

« — i 

M 

* 

* 

* 

Cd 

u 

* 

H 

=> 

* 

* 

* 

X 

Cd 

* 

<. 

— « 

U 

X 

* 

^v 

*- 

■M- 

6- 

X 

■* 

3 

3 

Cd 

* 

X 

* 

*• 

(O 

* 

X 

O 

Q 

a 

* 

Ed 

* 

* 

Eb 

* 

o 

x 

3 

ac 

* 

i-i 

* 

*— % 

'    * 

t-t 

* 

*■ 

u 

X 

a 

* 

«. 

* 

u 

* 

*■ 

*■ 

X 

H 

* 

2. 

if 

k 

* 

— 

* 

*■ 

-o 

SH 

2 

Eb 

* 

3 

* 

a 

* 

«-4 

* 

* 

X 

to 

>-t 

O 

*• 

O 

* 

ft 

* 

— 

* 

* 

jj 

•. 

* 

<t 

*■ 

H 

* 

* 

* 

> 

a 

a 

X 

* 

•. 

* 

» 

* 

0 

* 

■Or 

.-> 

Ed 

2 

M 

* 

Z 

* 

CO 

^-N 

*- 

5-i 

* 

* 

I— I 

s. 

=t 

X 

* 

» 

* 

*i 

2 

* 

* 

* 

EX 

X 

H 

* 

> 

* 

Cd 

>. 

«■ 

^1 

* 

M 

* 

X 

a 

aa 

< 

* 

3 

■*- 

% 

■z. 

*■ 

Ed 

* 

ft 

* 

X 

X 

X 

£ 

* 

H 

* 

Q 

^ 

* 

W 

*• 

~-i 

/-ft 

■*- 

r« 

X. 

id 

. — . 

* 

< 

* 

ft 

> 

* 

* 

ft 

r— 

* 

x 

a 

7> 

>> 

* 

•. 

* 

X 

2 

* 

to 

* 

—• 

ft 

* 

n 

x 

j 

2 

2 

X 

s 

■* 

< 

* 

ft 

1— 1 

^-* 

* 

H-l 

* 

^% 

~-t 

* 

u 

—i 

1— 1 

— 1 

X 

3; 

* 

\-^ 

* 

< 

< 

z 

*■ 

* 

CO 

ft-/ 

*■ 

^-i 

to 

X 

<t 

1 

1— 1 

3 

* 

> 

* 

>-/ 

ft 

ft 

>v 

* 

eh 

*• 

X 

<C 

* 

~ 

— i 

1— • 

h_j 

a 

* 

^ 

* 

^N 

X 

^5 

*■ 

"< 

«■ 

.l: 

X 

* 

x 

Ed 

* 

1-1 

* 

00 

2 

ft^ 

m 

* 

X 

•* 

1 

0 

* 

^ 

2 

Ed 

«* 

* 

H 

* 

•* 

•. 

£ 

1 

■»• 

H 

■* 

2 

/-ft 

• 

* 

a 

a 

CO 

* 

•3. 

* 

ij 

Z 

3 

a 

* 

* 

XI 

r^ 

-~ 

«- 

u 

M 

- 

/> 

*■ 

Si 

w 

<t 

>—/ 

£l 

0 

* 

c^ 

■«• 

X 

^^ 

* 

U3 

a 

►H 

«■ 

* 

X 

«a: 

< 

• 

*• 

< 

•w- 

E-> 

ft 

11 

* 

x 

X 

2 

X 

X 

X 

o 

* 

X 

* 

X 

■h 

* 

_; 

* 

/-ft 

^H 

* 

2 

x 

X 

1— 1 

M 

Ld 

< 

r— 1 

* 

3 

* 

z 

^ 

>v 

* 

X 

* 

^^ 

^^ 

/^ 

* 

i— i 

:> 

c_i 

X 

X 

3 

_i 

X 

* 

— 1 

* 

H 

D 

13 

(0 

* 

* 

• 

< 

«-i 

* 

H 

2 

Ed 

• 

f 

t-t 

X 

J_ 

3 

* 

Ei 

* 

i-t 

>—t 

H 

X 

* 

< 

O 

*■ 

G 

^-/ 

ft 

* 

~ 

(-H 

£ 

a* 

<=r 

< 

J 

£1 

*■ 

3 

* 

'J 

■n 

IO 

X 

* 

■*■ 

d 

•O 

2 

v4 

Z 

j- 

* 

3 

in 

x 

s: 

X 

<t 

Vr 

Ci 

* 

HI 

i3 

Z 

* 

to 

II 

* 

• 

CO 

•—( 

X 

fta/ 

X 

t— 1 

* 

x 

X 

-0 

^r 

3 

1— ' 

* 

X 

■*■ 

J 

Ed 

J 

< 

* 

(-1 

* 

2 

<t 

II 

3 

^> 

X 

* 

H 

X 

H 

t- 

X 

* 

X 

* 

Qi 

s: 

s 

H 

* 

X 

* 

s-/ 

»-/ 

X 

x 

2 

H 

c 

(J* 

* 

:fl 

X 

— i 

Id 

3 

_> 

X 

* 

3 

* 

Z. 

■-I 

(-4 

<t 

* 

— 

Cd 

* 

Cl4 

Lb 

Ed 

XI 

h-l 

Cd 

2 

D 

* 

H 

^< 

a 

Oi 

c 

X 

* 

-0 

*■ 

l-t 

Q 

a 

Q 

*■ 

QL 

^H 

* 

l-l 

H 

1-1 

2C 

't 

X 

Ed 

r- 

* 

£ 

<c 

X 

<< 

2 

H 

* 

* 

* 

Cd 

*- 

^> 

* 

:— < 

x 

C 

X 

>-H 

3 

*■ 

* 

* 

l-H 

* 

X 

*■ 

a 

•»<■ 

* 

* 

— 

* 

— t 

CN 

<T 

*- 

* 

* 

* 

* 

m 

* 

■«• 

* 

* 

* 

N 

u 

u 

U 

u 

u 

u  u 

u 

U 

U 

U   U 

u  u 

u  0 

u 

u 

U 

U 

UU'J 

O   O 

u  u  u 

CJ 

123 


z 
o 

M 

H 


#■ 

< 

*■ 

H 

*■ 

ZD 

* 

a. 

*- 

£ 

*■ 

O 

* 

u 

* 

*■ 

o 

* 

z 

*■ 

>-t 

*• 

as 

* 

3 

*■ 

a 

#■ 

*■ 

3 

* 

CxJ 

* 

U 

* 

z 

* 

< 

* 

X 

* 

u 

* 

*• 

CO 

* 

t-t 

* 

*• 

i— i 

* 

<t 

* 

i— t 

* 

o 

* 

u 

3 

* 

to 

3 

*■ 

3 

• 

* 

<* 

• 

<-i 

*■ 

u 

1—1 

* 

Es] 

l-( 

II 

*• 

CD 

"— 1 

* 

r-\ 

* 

i-i 

o 

3 

* 

£ 

^-\ 

fr-« 

» 

* 

3 

3 

o 

>— I 

*■ 

a 

«. 

r— 1 

c 

v./ 

■* 

< 

t-l 

> 

o 

> 

*■ 

U_l 

■w 

z 

• 

2 

* 

4 

(-* 

2 

.z 

o 

t-( 

■*• 

Q 

;y 

-2 

< 

«. 

k 

< 

* 

H 

>. 

•. 

II 

1— 1 

—1 

— 1 

II 

* 

Z 

rt 

.-* 

/— s 

* 

l-t 

/~\ 

u 

II 

II 

r-^ 

"3 

*■ 

II 

II 

3 

tJ 

-> 

•   J 

* 

i—i 

» 

t-H 

1-1 

3 

» 

O  3 

* 

< 

1— 1 

3 

i-i 

-3 

^ 

ui  z 

*• 

•— ' 

> — * 

•3. 

o 

c 

^^ 

•  >-i 

*• 

■£> 

vO 

2 

H-t 

rsi 

CN 

=» 

H-t    £-> 

* 

>■ 

3 

fr- 

2 

w  2 

* 

a- 

Zj 

a 

o 

h-l 

a 

a 

>-H 

Ix.  O 

* 

o 

3 

a 

< 

Z 

a 

a 

< 

H  U 

*• 

u 

l—l 

* 

*■ 

O 

* 

vC 

CN 

* 

u  u 

u  <_>  u 

o  u  u 

o 
u 


uJ 
Lu 

'-L. 

H 
tO 

Lxl 
12 
•X. 

<£ 
J 

'J 


O 

a 

O 
/-> 

o 

Q 

o 


Ix] 


3  II 


s:  z  s: 

Z 

3      -  3 

o 

Q  CN   D 

3 

<£          <t 

=t 

w    ||    w 

W 

CO          --Q 

CO   Jd 

Urtl 

.£   3 

O    <          <* 

— t 

-i  z 

O     1 

i— i 

II      II     T    SH 

II 

II    H 

U  M  3  i,  H         C 

HHHQHHHU 


o 


a 


o 

- 

35 

H- 1 

o 

w 

en 

> 

2 

3 

M 

CO 

U> 

z 

>~\ 

<* 

z  -^ 

«■ 

3 

II 

»  3 

/-\  *-* 

>-< 

»■ 

II 

■^^      » 

a 

»-^ 

*™i 

*-t 

•  +• 

II 

^-/ 

^^ 

3 

II    ^ 

3 

> 

3 

^ 

iXi 

^£- 

'ji  U 

3 

Z 

» 

-— i 

3 

3  3 

•  l-t 

— i 

r— 

H-l 

^1 

3 

i-i 

O 

< 

^^ 

v-^ 

hi 

O    < 

-1    II 

X) 

J» 

J> 

H 

P- 

*-* 

II 

z 

z: 

Z 

II 

Cl4      U 

a 

1 — 1 

»-i 

3 

3 

(-1   M 

a 

CO 

<c 

•J. 

U 

o 
en 

a  «o 

o 

uuuuu 


U  CJ 


u 


124 


a 

:£ 

SI 

H 

'— 
<c 

X 
U 

r- 
uJ 

3 

r-\ 

— 

-t 

« 

- 

o 

H-l 

J* 

HI 

*. 

W 

o 

X 

(T> 

3 

3 

03 

/— "» 

4 

^-\ 

w 

it 

i-H 

Ok 

II 

^ 

^ 

1 

*-> 

n 

\S 

/-s 

~> 

» 

j 

2 

X 

•* 

t-< 

3 

3 

V— ' 

r-l 

i—i 

2 

3 

tG 

W 

«_/ 

H-l 

<C 

0 

£ 

E 

t-l 

< 

3 

3 

2 

II 

\-J 

a 

a 

o 

Eh 

<x 

•=t 

O 
r- 

a. 
o 

h-i 

u 


H 

C 

u 


o 
ex 
u 

NS 

I 
Z 

o 

2 


HO      II      I 


z  ii  a 

U  Q  HI 


H 

<— * 

/— > 

J. 

-3 

D 

<c 

» 

» 

s 

«H 

•-i 

1—1 

w 

^^ 

2; 

s 

:> 

DC 

3 

2 

[xJ 

2 

l2 

2 

h-i 

H 

» 

<* 

«. 

< 

-i^ 

» 

r-t 

— 

II 

II 

II 

II 

T 

T 

-J 

T 

T   a! 

« 

— * 

«.  ^ 

O 

•^ 

2 

O 

«— i    2 

.— i 

w 

H-l 

<N 

»-^   H-l 

^ 

s; 

CH 

«— 1 

;>   H 

— 

Z 

2    Z 

3 

Q 

CD 

o 

-I  a 

a 

<t 

U 

a 

<  u 

Q 

a 

o 

O 

«-i 

CM 

* 


o 

ID 


O 

H-l 

a 


o 
o 

D 


CJ 


«■ 

*. 

1 — * 

Hi 

•. 

*£ 

s: 

w 

H-l 

» 

2 

2 

/— \ 

sc 

s 

a. 

«-< 

i-i 

» 

» 

ue 

* 

3 

a 

S 

>M^ 

;N 

a£ 

H-l 

" 

< 

ii 

3 

o 

Z> 

II 

** 

II 

s 

il 

1 

,_^ 

"4 

4 

^ 

1 

o 

H-l 

^3 

-D 

J 

^ 

O 

v^ 

jj 

• 

a 

A. 

3 

» 

J2 

ua 

Z3 

O 

l£ 

— t 

o 

<£ 

o 

3 

2; 

►H 

j: 

X 

-^    2 

un 

1 

If) 

<3* 

H-l 

w 

i 

<t 

i— i 

Nl 

H 

«-• 

II 

«-i 

11 

H 

S 

H 

II    H 

II 

o> 

2 

Z> 

v-< 

ii 

2 

c 

X. 

a 

a 

CL 

3 

a. 

3 

a 

bb 

i—l   J 

Q 

JC 

Hi 

IT 

a 

Q 

a 

a 

U 

«* 

H-l 

H 

HI   U 

3 

* 

o 

o 

m 

rn 

<* 

in 

^H 

N 

-H 

*-i 

u  c_> 


u  u  u 


u 


u  c_) 


u 


u  u 


125 


3 

ON 

O 

H 

o 

/^ 

s~> 

O 

3 

3 

/— s 

HH 

s 

H 

o 

ON 

^^ 

s~^ 

o 
o 

• 

3 

■s 

Q 

> 

—1 

a 

~3 

3 

o 

<r 

<r 

H 

t-l 

i-l 

• 

a 

H 

•«- 

-* 

o 

H 

i— 

J.1 

h- 

M 

<J> 

> 

2 

• 

o 

:*: 

H 
•3 

X- 

3 

/— N 

Z 

Z 

3 

.z 

-£. 

*— 

^ 

s: 

v— ' 

^ 

a 

» 

i— i 

U3 

z. 

Q 

■■A 

r"« 

CO 

/— v 

» 

^-% 

Jd 

2 

a, 

2 

/-N 

^ 

^ 

o. 

rH 

' — V 

•=c 

«• 

1^. 

<t 

X. 

a 

o 

a, 

3 

- 

3 

3 

- 

3 

- 

3 

3 

• 

3 

II 

T-* 

3 

II 

». 

u 

:*: 

». 

^H 

^ 

»— i 

•. 

*-* 

3 

3  -* 

II 

«• 

II 

» 

It 

X 

i 

• 

&c 

< 

ii 

i£ 

<£ 

II 

J3 

)C 

/-N 

II 

Jl 

/— * 

^— ' 

/— s 

a 

-^ 

it 

s-> 

II 

II 

v^ 

ii 

•   + 

T) 

*— ' 

/-\ 

3 

\— > 

*■> 

"3 

^ 

H 

ii^ 

s: 

1 

/^ 

> 

1 

^-% 

> 

3 

» 

ij 

3 

X. 

3 

«. 

i] 

3 

Q 

CH 

• 

+ 

3 

3 

—I 

ZC 

3 

-Li 

jj 

3 

Z 

—( 

jj 

3 

■i]  j 

x.  CJ 

3 

•. 

M 

3 

— 

» 

i— i 

3 

a 

W 

Q 

,~> 

a. 

3 

•. 

3 

— | 

h-i 

X 

3 

«. 

3    3 

1    — i 

o 

—7 

^ 

W 

2 

o 

3 

*. 

^ 

z. 

■4 

a 

* 

z 

<: 

o 

<t 

3 

3 

2 

^ 

g 

r- 

O 

< 

o 

3 

2 

^ 

Z    3 

i-t 

\C 

<=£ 

*— ' 

^_* 

h-H 

ao 

=1 

\— / 

v— . i 

t-i 

B 

(X 

i 

«H 

3 

"- ( 

t^ 

H-" 

1— 1 

^r 

m 

i-i 

^^ 

!-!    t-» 

«    II 

•^ 

=> 

=> 

r-i 

^* 

S 

s 

H 

II 

<t 

^ 

ii 

CN 

n 

,-N 

II 

-- 

s: 

e-i 

5h 

>J 

11 

:n 

II 

H 

?> 

r"    bH 

•— * 

II 

pay 

3 

-* 

II 

— 

3 

2 

W 

II 

s— ' 

—» 

3 

^c- 

z 

> 

rz 

■z. 

5T    Z 

tx,   U 

d 

— ( 

H 

□ 

O 

a 

2 

3 

t-t 

Ex. 

Cx. 

% 

o 

O, 

3 

-L, 

5 

3 

a 

c 

JD 

3 

0- 

o 

a, 

3 

>-l 

3  O 

(-1  >-H 

3 

u 

LC 

«t 

< 

U 

o 

c 

o 
r- 

T-l 

u 

Tj 

< 

ct 

U 

a 

X 

Q 

O 

*-• 
u 

H- 1 

a 

1— 1 

^: 

3 

o 

Q 

Q 

u 

o 

o 

u 
o 

CM 

CM 

in 
u 

a 

3 
U 

3 

c 

U 

3 

m 

O    3 

126 


D 
(N 

o 

H 

C 
J) 


■4 


r> 

<2 

^ 

lL 

2 

^ 

■> 

s 

o 

« 

2 

» 

Eli 

— 

:nj 

-h 

~^ 

1— 1 
M 

*£ 

a 

II 

II 

, 

II 

-> 

II 

i 

*3 

il 

H 

►-i 

—> 

Z 

— i 

X 

'J 

>-l 

'J 

M 

-J 

X 

a 

;3J 

O 

— t 

i-i 

O 
30 

<t 

3 

Q 

H 

3 

i— i 

H 

2 

II 

>J 

II 

n 

^J 

II 

» 

II 

e-> 

> 

H 

C-i 

H 

3 

II 

ii 

Z 

3 

2 

2 

2 

H  ^ 

H 

3 

a. 

M 

C 

.X 

a 

a. 

O 

t-H 

3 

C 

3 

jj   2 

a- 

2 

D 

c 

►-t 

Q 

*: 

i—l 

a 

c 

a 

Q 

u 
o 

«* 

o 

X 

U 

o 

U 

o 
o 

:r  CxJ 

<_> 

U 

U 

u 

U 

u 

u 

u 

u 

o 

127 


CJ 

/-x 

/-\ 

a 

M 

LD 

■* 

□ 

00 

*— ' 

^^ 

■uu 

o 

a 

o 

«. 

% 

•. 

X 

►-( 

H-l 

a: 

■x. 

a 

X 

H 

-0 

CO 

o 

o 

o 

a 

* 

a 

>■ 

a 

•. 

a: 

a 

a 

a 

/-» 

X 

^-> 

>• 

*—% 

a: 

a 

a 

X 

CM 

X 

m 

X 

^r 

UJ 

'jj 

ai 

ai 

*-i 

^ 

•• 

* 

^ 

3 

^ 

f> 

LD 

y— s 

t 

U 

io 

ai 

ai 

a 

• 

X 

LT> 

V-* 

<* 

^— ' 

H 

< 

E-t 

3 

H 

3 

o 

*— <• 

X 

N— / 

> 

< 

i— i 

<t  O 

< 

a 

X 

s 

o 

E 

a 

H 

X 

E-"  Z 

H 

o 

E-i 

/^ 

o 

«- 

O 

» 

10 

to 

tO 

o 

^ 

CM 

X 

rl 

> 

^-> 

H 

CX 

s 

/-N 

*-( 

X 

.D 

X 

^> 

J 

25 

J 

'J 

3 

<N 

v-> 

» 

»■ 

» 

» 

"I 

-ij 

< 

— i 

< 

a 

«-! 

to 

/— * 

^ 

/-% 

^r 

H-l 

S 

W 

h-i 

3 

l-t 

ai 

<-> 

< 

in 

^ 

•* 

v^ 

H 

u 

<c 

E-< 

n 

H 

6-< 

(J 

t-H 

^_s 

X 

•^-> 

> 

I— t 

a 

t-l 

HH 

a 

V-1 

3 

s. 

l-t 

33 

o 

a. 

o 

a 

-^ 

rj 

an 

z 

Z 

i-t 

o 

CO 

.Si 

1— ! 

»• 

i— i 

» 

i— I 

o 

^a 

i—l 

3 

l-t 

a 

OS 

X 

H 

to 

/—i 

^N 

1/3 

/— \ 

?~ \ 

<t 

c-> 

<C 

a 

H 

■ 

X 

IT! 

JJ 

> 

^ 

•* 

J 

LO 

CjJ 

■z 

o 

LL} 

3 

O 

<t 

e— * 

CM 

». 

X 

lO 

•. 

=> 

^ 

H 

U, 

H 

3 

l-H 

c-t 

u 

i-l 

H 

H 

CM 

fH 

/-% 

D 

<— ' 

r" s 

X 

^^ 

<I 

» 

to 

< 

SI 

!0 

< 

1— 1 

to 

< 

tO 

*-t 

W 

LO 

«. 

X 

*r 

». 

=> 

5-i 

a 

SI 

H 

HH 

X 

e-t 

H 

> 

Q 

as 

> — - 

LxJ 

*— ' 

r^ 

X 

— ' 

/-> 

X 

tfl 

c 

E-> 

W 

X 

as 

to 

X 

as 

HH 

H 

Ll, 

•^-1 

SO 

•. 

(n 

^ 

». 

'X 

» 

Q 

«. 

ai 

- 

H 

a 

O 

tO 

CD 

«. 

/— \ 

O 

•. 

/-N 

J 

X 

O 

3 

X 

u 

3 

>• 

CJ 

3 

w 

a 

co 

Q 

i/j 

LD 

C3 

tr 

^ 

« 

ai 

i-t 

■* 

>-i 

< 

fH 

a. 

H 

X 

c-> 

X 

v— ' 

- 

> 

V— ' 

«. 

►-( 

to 

i-t 

a: 

to 

>-l 

a 

to 

-— \ 

e 

J 

H 

•• 

X 

X 

if) 

X 

^1 

^r 

H 

a 

a 

H 

X 

o 

H 

X 

o 

SI 

H- 1 

Ctl 

t-l 

3 

X 

t-t 

<r-> 

X 

i-t 

H 

> 

1 

Q 

/~\ 

X> 

•-N 

«■ 

X 

/-% 

•. 

> 

2 

^ 

c-i 

■z 

X 

3 

X 

o 

72 

^ 

CM 

» 

if) 

S~\ 

C£ 

^J< 

^^ 

OS 

l-H 

u 

» 

h-t 

cx 

■B 

l-t 

a 

* 

* 

-^ 

Cil 

«—* 

■JO 

»^ 

lO 

«- 

v-> 

•^ 

•■ 

<S 

Z 

o 

z 

o 

s 

X 

<c 

z 

w 

v— ' 

H 

» 

^ 

H 

v 

/— N 

V 

a- 

o 

•> 

a 

o 

* 

h. 

o 

1 

Lt] 

t-t 

X 

;> 

ct 

lT> 

^ 

«X 

^t 

^r 

U 

X 

ai 

X 

a 

> 

< 

as 

H 

H 

2 

X 

*— ' 

^^ 

X 

^^ 

^ 

w 

Ld 

E-t 

to 

X 

X 

to 

a 

X 

V— ' 

cm 

i— i 

X 

:> 

u> 

>• 

> 

o 

p-^ 

3 

«. 

i— i 

i_j 

•> 

i— t 

o 

». 

a 

JO 

Ll! 

^ 

'v 

x 

X 

2 

H-l 

X 

2: 

l-H 

o 

•=r 

3 

o 

o 

uX 

tj} 

O 

a 

o 

<L 

* 

.2 

H 

s 

3 

e-> 

i— i 

yj 

►-i 

w 

3 

u 

a; 

l-t 

2 

cx 

1-1 

2 

a 

l-l 

ixJ 

.j; 

l-l 

i— i 

Cd 

O 

\ 

s 

X 

\ 

s 

=» 

7J 

3 

to 

a 

to 

ai 

to 

X. 

=3 

H 

2 

H 

s 

a 

X 

as 

3 

> 

JC 

to 

o 

X 

to 

X 

to 

> 

-Ll 

3 

3 

tO 

3 

o 

O 

«0 

fr^ 

s 

H 

to 

H 

X 

to 

H 

X 

-i~ 

X 

3 

>« 

a 

s 

X 

Cx3 

z 

£xj 

^ 

a 

2 

z 

X 

Ll] 

tO 

H 

X 

> 

u 

ttl 

X 

/— * 

u 

a 

^s 

u 

-L. 

/-\ 

H 

r-> 

CO 

3 

>v 

■v 

\ 

^ 

o 

-*- 

Ei 

* 

o 

5 

•»■ 

o 

Z 

* 

H 

i—i 

z> 

H 

QC 

aj 

X 

* 

a 

a 

•. 

a 

ai 

•• 

3 

u 

EO 

U-. 

Z 

2 

Z 

2 

a. 

x 

JC 

CM 

a 

X 

CM 

a 

a 

CM 

a 

1-1 

O 

O 

o 

a 

3 

H 

\_s 

3 

Va^ 

X 

v^ 

X 

J 

7D 

2 

S 

21 

ji. 

Q 

■j: 

3 

3 

yj 

3 

3 

tO 

3 

X 

a. 

r-i 

Z 

z 

IT 

z 

4 

«t 

a 

■=£ 

< 

<* 

<t 

«I 

«t 

OC 

3 

s 

X 

a 

3 

o 

o 

xJ 

x] 

c 

■J 

ji 

x) 

ill 

a) 

aJ 

xl 

to 

•— 

0> 

JO 

r» 

LP 

m 

E-> 

u 

U 

«— i 

JO 

r- 
x> 
in 

m 

CM 

u 

.-* 

<-* 

o 

■rH 

^i 

a 

X 

H 

QC 

a 

rr 

OS 

a 

Z 

a 

O 

U 

<_> 

u 

vj 

o 

u 

u  u 

U 

U 

U 

u  u 

u 

u 

u  u 

U 

u 

H   3 

a  2 
a  ai 


128 


u 

x 
M 

X 

3L 


n       I 

U  O 

<t  X 

^   I 

X  < 

l-t  ^-« 

X  CD 

H  * 

s:  -3 

H  <=£ 

Z 

H-  £-« 

f-l  l-l 

3  U 

3  t-< 

X  -2 

CD  tX 

3  s: 

10  M 


< 

x. 

3 
r^ 

w 

<  /-> 

< 
CO 

U  CO 

H  Ld 

<  J 
X  CJJ 
Ex]  2 
Z  <. 

e>  x 
u 

Z   =5 


3  e> 

< 
tO 

•-I  X 
X    O 


nn 

U 

m 
•a: 

3 

ill 
s: 

t-i 

Q 


CO  CO 

73  CO 

*  *• 

a.  a, 

U  co 


CL  O*  H  H   CO  to 


<C    <.    <S 
II     II     II 

a,  h  co 


ZlflZ'Jl 
•H  O  >H  3 
CO  U  CO  U 
Q   Q    -2  3 


CO  CO 

*  * 

a,  :x 

u  CO 

i    +       +i 

cO  CO         CO  CO 

U  CJ          tO  CO 

*  *        *  * 

c-»  c-t  10  r-«  e-i 

CO  tO  CO  CO  CO 

*  *  ■*  *  *■ 
X  X  —  X  1 
CO  U  U  CO  U 
II    II     II     II  II 


o  u  u  u 


V 


u 


rt  .'N  .'O  -h  N  co   «  i\  ci 
— I   rt  H   ,M  !M  CM    I   m   fl 

X. 

in 
<» 

m 

CM 


X 
3 

h  a 

Id   '-2 

a.  u 


129 


* 

* 

* 

* 

* 

H 

*• 

■^ 

CN 

3 

X 

3 

C 

JN 

-n 

CN 

m 

CJ> 

CJ> 

cr. 

3 

IN 

* 

* 

3 

* 

X 

r- 

X 

» 

1" 

»-< 

X 

-r 

X 

in 

^n 

CN 

X 

en 

S> 

* 

* 

X 

* 

-O 

T> 

3 

■T> 

^ 

CN 

X 

X 

3 

T-l 

3 

•M 

CN 

3 

X 

*■ 

* 

£-i 

* 

» 

«-t 

X 

y-l 

^t 

X 

P- 

3 

CN 

CN 

X 

^r 

en 

00 

r-l 

* 

* 

3 

E-i 

* 

*-H 

r» 

CN 

CN 

»-i 

^r 

X 

J« 

CN 

X 

X 

CN 

T 

r-H 

o 

* 

*■ 

X 

a 

3 

* 

30 

r~- 

3 

r» 

3 

3 

Ti 

J> 

CN 

X 

3 

3 

C5> 

3 

T 

* 

*• 

E-> 

\ 

X 

* 

tr 

■T* 

X 

3 

r^ 

•^r 

»-l 

3 

-^ 

■>» 

-D 

r-< 

r~ 

r- 

X 

*• 

*■ 

M 

E-t 

-z. 

* 

■* 

X> 

m 

^D 

.^) 

r^ 

CN 

r~ 

CN 

r^ 

CN 

X 

en 

c^ 

JO 

* 

# 

3 

3 

i— i 

* 

O) 

-r 

r~ 

cr. 

'."M 

•cr 

r~- 

CJN 

CN 

-r 

r~ 

J. 

CN 

•* 

p« 

* 

»—» 

*- 

X 

w 

/-N 

3 

z> 

o 

D 

-H 

— i 

r-< 

r-l 

CN 

CN 

.N 

CN 

en 

i-n 

en 

*• 

to 

* 

3 

2 

* 

r~ 

*■ 

U3 

X 

* 

a 

H-1 

* 

r- 

O 

o 

3 

3 

o 

3 

O 

3 

3 

3 

O 

3 

o 

3 

3 

* 

u 

X 

* 

H 

* 

v-^ 

*• 

< 

X 

* 

H 

• 

* 

Ed 

CN 

^H 

X) 

<X) 

X 

X 

* 

* 

CN 

X 

-H 

Cj^ 

3 

— h 

~H 

*■ 

\arT 

*■ 

3 

<c 

* 

3 

J-) 

fNI 

3 

^ 

^f 

CT. 

X 

*r 

p» 

m 

X 

O 

T 

X 

—1 

* 

• 

* 

3 

s: 

* 

J3 

JC 

J> 

r- 

Jl 

r~ 

X 

3 

<-n 

-T 

X 

3 

0> 

3 

X 

0> 

* 

z 

a 

* 

l-l 

^3 

* 

< 

OJ 

3 

m 

CTi 

V 

r^l 

3 

r^ 

CTi 

X 

CN 

3 

en 

o 

CN 

*■ 

o 

3 

* 

X 

M 

* 

H 

^f 

X 

=f 

m 

y 

r~ 

CN 

cn 

-C 

3 

X 

X 

CJ> 

CN 

I— 

*• 

l-l 

* 

H 

tfl 

* 

U 

3D 

r~ 

J> 

r> 

vO 

n 

ro 

3 

3 

<* 

CN 

X 

en 

3 

O 

*■ 

EH 

• 

*• 

CO 

*■ 

J^ 

3 

X 

T-* 

r^ 

<3- 

N 

r-l 

r-l 

CN 

-T> 

O 

X 

X 

X 

* 

< 

u 

* 

H 

!^ 

* 

•- 

a> 

■* 

X) 

-O 

p> 

CN 

r> 

CN 

r~ 

CN 

r~ 

CN 

X 

rr 

3 

* 

z. 

o 

•*• 

a 

a 

* 

/— \ 

>-H 

-r 

-O 

.^ 

r-l 

T 

D 

Cj^ 

■rH 

-T 

D 

CJO 

-T- 

^r 

P~ 

* 

►H 

a. 

*■ 

* 

O 

o 

o 

3 

3 

— 1 

^— t 

r-l 

-H 

CN 

CN 

CN 

CN 

.-n 

en 

en 

*■ 

H 

a. 

* 

3 

2 

*■ 

7> 

*• 

10 

* 

< 

C 

* 

x-> 

3 

3 

3 

3 

3 

3 

3 

3 

o 

3 

O 

o 

o 

o 

3 

# 

Ed 

*- 

t-i 

H 

* 

Ld 

*■ 

*- 

10 

H 

* 

J 

»-H 

^ 

J* 

<r 

* 

^* 

D^ 

:n 

,x 

-n 

^r 

X 

X 

X 

X) 

* 

H 

* 

10 

«t 

* 

33 

i-n 

r; 

0 

-Ti 

~ 

X 

cn 

CN 

— 1 

3> 

0 

CN 

CN 

c 

r- 

* 

z 

*■ 

3 

H 

*• 

< 

3 

» 

JO 

r-i 

J-1 

3 

^r 

O 

>=r 

3 

cj> 

en 

S) 

3 

X 

*■ 

Ed 

*■ 

<£ 

> 

* 

H 

X) 

3 

30 

3 

^r 

T 

^n 

»-l 

r-l 

r-l 

^r 

^r 

X 

3 

J0 

* 

t-i 

* 

rO 

jA 

■»■ 

.i) 

«- 

•• 

r- 

X 

r~ 

XI 

—4 

r»1 

3> 

X 

r* 

CN 

r~ 

»-« 

CN 

rt 

X 

* 

U 

*• 

Cu 

* 

/ — * 

/— N 

^— \ 

00 

r- 

00 

""1 

^r 

.— i 

-0 

X 

c^ 

3 

r> 

X 

o> 

T— 1 

JO 

* 

M 

* 

<r 

■X- 

•. 

*— * 

•-N 

r- \ 

X 

~-i 

X 

CN 

x> 

r> 

CN 

t-^ 

3 

CN 

O" 

X 

T 

en 

m 

* 

Ex. 

* 

Q 

*■ 

*— % 

«-H 

^-C 

t-l 

rr 

y^ 

rr, 

D 

x 

r- 

■N 

r» 

CN 

r- 

CN 

r-~ 

m 

o 

n 

*■ 

[b 

* 

s 

X 

* 

•— • 

v— ' 

s— ' 

v-^ 

■^ 

m 

X 

00 

•-i 

CO 

X 

X 

fH 

cn 

£> 

X 

•^ 

en 

X 

*■ 

Ed 

* 

c 

ct 

2 

* 

en 

"i-1 

Ld 

UJ 

3 

3 

3 

3 

^H 

■— i 

>— 1 

r-l 

■CN 

CN 

CN 

CN 

en 

en 

en 

* 

o 

* 

X 

a 

a 

* 

^^ 

3 

3 

3 

*■ 

u 

* 

Eb 

z 

H 

* 

Ed 

X 

X 

X 

3 

3 

O 

3 

O 

3 

3 

3 

3 

o 

3 

3 

3 

o 

3 

* 

*■ 

<t 

H 

* 

3 

<C 

<t 

<* 

/— > 

■*- 

CJ 

*■ 

ae 

fH 

<c 

■*■ 

cc 

H 

"H 

^H 

3 

rv 

-T 

r- 1 

>i-> 

tn 

X 

D 

«r1 

[«• 

'T 

r-H 

CN 

en 

.•n 

X 

N) 

*• 

M 

*• 

Ed 

CO 

i—i 

* 

<E 

<C 

X 

CJ 

3 

ro 

J> 

D 

3 

-j> 

en 

<f 

X 

CN 

CJ> 

X 

in 

T-l 

;N 

r-l 

*-\ 

» 

*• 

X 

* 

/— \ 

13 

> 

* 

e-> 

». 

3 

P- 

•— * 

m 

T-* 

r~- 

a> 

X 

-n 

J-i 

■cr 

CN 

X 

en 

X 

T. 

3 

*■ 

< 

*■ 

51 

< 

Ed 

* 

< 

•. 

/-^ 

O 

vO 

3 

» 

:n 

r~ 

r~- 

J3 

CN 

X 

>c 

n 

CN 

o 

CN 

X 

<c 

». 

*• 

2 

«• 

eX. 

3 

3 

*■ 

«• 

• — > 

'^J 

3 

•— 

r- 

Ol 

-r 

j-i 

CN 

3 

X 

-"M 

CJN 

r*\ 

CN 

T 

3 

o\ 

■r 

r 

*■ 

>* 

* 

•s: 

2 

a 

* 

•. 

^-v 

CNJ 

33 

3 

0> 

r~- 

» 

,N 

— i 

r* 

T- 

«f 

7\ 

3 

J\ 

X 

m 

en 

CN 

CJ 

i 

* 

a 

tO 

* 

CJ> 

_^ 

Q 

* 

/— s 

.^ 

a. 

r-l 

3 

r~ 

CN4 

r— 

m 

c* 

■SI 

cn 

•— 1 

3 

r^ 

m 

r~ 

en 

r-l 

r^ 

— i 

«* 

* 

o 

CO 

* 

h-l 

X 

< 

a: 

* 

ao 

* — ' 

^- 

^-^ 

O 

T> 

t 

00 

m 

r- 

CN 

c— 

CN 

r~ 

CN 

r~ 

CN 

X 

■^r 

3 

-0 

^ 

•* 

IX 

3 

W- 

CO 

a 

<: 

* 

lT) 

J 

Ed 

X 

3 

O 

m 

J-) 

JO 

3 

m 

S) 

X 

3 

^n 

T) 

X 

o 

en 

3 

X 

* 

Ed 

< 

* 

a 

o 

3 

*• 

CN 

3 

3 

3 

3 

o 

3 

3 

3 

^^ 

^H 

r* 

r-l 

CN 

CN 

CN 

CN 

en 

en 

en 

( — ' 

* 

*- 

■X 

CJ 

* 

^-/ 

3 

a: 

s 

•«■ 

V—' 

X 

X 

XI 

-j 

* 

■*• 

■=1 

IJLJ 

<I 

* 

Jj 

^t 

< 

<c 

O 

3 

3 

3 

3 

3 

o 

o 

o 

3 

o 

3 

3 

3 

3 

O 

w 

<* 

* 

t 

1 

* 

w 

X 

s: 

H 

* 

3 

H 

H 

— . 

\ 

X 

;u 

*- 

*■ 

to 

W 

* 

X 

v— ' 

\^ 

v^ 

3> 

r~ 

O 

r~ 

in 

r-l 

en 

3 

X> 

\T> 

X 

X 

CN 

c 

en 

3 

as 

* 

Ed 

Ed 

*■ 

3 

il 

JL- 

* 

< 

r~ 

in 

c^ 

.NJ 

X 

3*i 

•^r 

T-« 

J- j 

CN 

r~ 

en 

X 

CN 

m 

<c 

•*• 

Z 

X 

•«- 

< 

a 

l 

* 

E-< 

aj 

X 

r~ 

r^ 

J> 

— f 

,-i 

--4 

X 

CN 

^r 

O 

* 

en 

•^l 

*-H 

CN 

'J 

H 

■M- 

•=t 

< 

* 

3 

Ll.1 

* 

U 

3 

r- 

P» 

tr\ 

<^r 

r~- 

^r 

X 

tj 

m 

3 

— i 

^ 

D 

CTi 

3 

r— 

* 

■z. 

3 

* 

E- 

z 

to 

■«• 

2 

3 

X 

'S-. 

cc 

Ti 

."N 

CN 

-O 

jn 

cy> 

nn 

en 

o 

3 

~? 

r^ 

r-4 

2 

CJ 

*■ 

* 

z 

3 

< 

H 

<s. 

•* 

- 

;d 

<r 

3- 

r» 

r^ 

T-l 

a> 

m 

-O 

X 

J> 

* 

-n 

o> 

>J 

X 

— r 

O 

H 

* 

ss 

Ed 

* 

o 

Id 

X 

d 

*2 

> 

* 

>— i 

3 

^-i 

TC 

n 

oc 

^r 

cr 

n 

^n 

T-> 

3 

-^ 

en 

D 

CN 

CJN 

ON 

— e 

-3 

*- 

< 

^ 

*■ 

l-l 

CO 

si 

s 

ij 

'Zi 

* 

73 

■4 

<t 

^f 

j. 

m 

X 

,*N 

r^ 

x 

1 

CN 

["» 

CN 

c~- 

-n 

X 

-r 

H 

a 

*■ 

(X 

i— i 

*• 

H 

a 

c 

^ 

r-< 

* 

3 

> 

c 

OJ 

■n 

r~ 

3 

CN 

J0 

r- 

o 

(Ni 

■r, 

p» 

3 

CN 

n 

u 

•^ 

* 

CJ> 

r-» 

*■ 

CJ 

X 

u 

<c 

3 

to 

* 

J 

H 

=t 

3 

3 

3 

3 

— « 

T-l 

— * 

r-H 

Nl 

CN 

■n 

Nl 

-n 

m 

nn 

■z. 

M 

# 

o 

3 

*■ 

z 

x 

O 

* 

0> 

Z 

3 

H 

- 

#■ 

X 

O 

* 

3 

3 

X 

«• 

to 

— I 

3 

«a 

3 

3 

3 

3 

3 

3 

3 

o 

o 

3 

o 

O 

3 

3 

o 

J- 

* 

(X 

X 

*• 

(b 

a, 

<t 

* 

r- 

a 

Ed 

3 

*■ 

* 

* 

x> 

< 

X 

^r 

C 

u 

3 

X 

[x. 

u 

X 

r^ 

3 

*- 

3 

s 

2 

o 

*• 

* 

* 

IT5 

* 

* 

* 

^ 

*■ 

*■ 

* 

m 

* 

*• 

* 

,^i 

U  CJ 

u  u  u  u 

u  u 

u  u  u 

u 

u 

U 

uuu 

u  u 

u 

130 


on 

p» 

X 

r- 

r- 

,-^ 

-T, 

^n 

1 

CM 

x> 

J> 

n 

p» 

m 

m 

X 

X 

-n 

^r 

X 

on 

rf 

X 

CM 

X 

r^ 

CM 

0> 

X 

X 

-^ 

or 

p. 

•N 

or 

x 

m 

X 

•or 

X 

3 

-n 

T> 

N 

—( 

JO 

rn 

X) 

^n 

X) 

X 

ZTs 

X 

X 

X 

-n 

X 

X 

X 

ON 

oM 

— ( 

ao 

f<« 

X 

CM 

<-4 

—- 

-n 

ON 

CM 

a 

or 

—1 

X 

X 

r~ 

N 

^r 

^H 

20 

* 

r— 

r~ 

t-4 

— t 

3 

X 

on 

» 

r~ 

X 

-n 

X 

7N 

X 

X 

•or 

or 

r~ 

or 

X 

p« 

X 

CM 

X 

—1 

o 

<r 

ON 

X 

X 

tr 

nn 

X 

o 

r~ 

r~- 

X 

n 

X 

■3- 

r^ 

X 

r- 

^H 

CM 

CM 

r» 

X 

0 

p» 

X 

X 

CM 

X) 

o 

-n 

0^ 

X 

X 

X 

Ov 

O 

r- 

CI 

x 

x 

» 

—H 

JV 

J> 

■-n 

rn 

••n 

X) 

X 

X 

X 

X 

~n 

-n 

a 

X 

X 

O 

on 

X 

3 

p* 

X 

~ 

ON 

X 

On 

—4 

on 

vO 

or 

X 

m 

m 

X 

x 

vO 

c* 

X) 

CTN 

X 

m 

X 

-h 

If) 

X 

CM 

<r 

1*1 

CM 

c^ 

X 

o 

r~ 

o* 

X 

X 

-^ 

"3- 

X 

ON 

CM 

4-H 

-n 

4-1 

:n 

-n 

cm 

ON 

o> 

CN 

on 

o 

>r> 

X) 

o 

*H 

CO 

•^ 

CM 

3  P~ 

<* 

ri 

3 

CM 

X 

-* 

rn 

X 

CM 

X 

p» 

P» 

X 

or 

4-1 

m 

X 

0- 

O 

CM 

vC 

cm 

X 

X) 

ro 

o 

^ 

r- 

.0 

-0 

X 

X 

X 

O 

m 

X 

-^ 

r~- 

^r 

CM 

•^ 

on 

X 

^^ 

ON 

ON 

-n 

^H 

-r 

on 

o 

r~ 

ON 

OM 

or 

X 

X 

o 

CM 

x 

TO 

4-H 

rn 

-O 

J> 

t>4 

vT) 

X 

-* 

•X) 

X 

r^ 

X) 

X 

CM 

X 

a 

T 

X 

rn 

r~ 

CM 

X 

t 

X 

f- 

X 

rn 

-n 

X 

CM 

o 

X 

-r 

f 

-T 

'T 

X 

n 

r> 

uO 

£1 

0 

o 

p» 

r- 

c~ 

X 

X 

X 

J< 

J^ 

© 

© 

o 

4-H 

r-H 

>J 

CM 

X 

-r 

•r 

X 

•X 

0~ 

X 

3 

Nl 

X 

o 

o 

o 

O 

o 

o 

o 

o 

3 

o 

o 

o 

O 

o 

O 

o 

o 

o 

o 

CM 

cm 

CM 

m 

01 

on 

>i 

r» 

^^ 

c 

0 

^H 

» 

r- 

^^ 

o 

-r 

X 

X 

X 

o> 

-H 

o 

r~ 

CM 

X 

CM 

:>J 

o 

o 

or 

X 

If) 

Oo 

ON 

XI 

NO 

Oi 

OT 

x 

00 

Id 

-o 

D 

X 

CM 

o 

m 

in 

rp 

*— 1 

■^r 

r~- 

on 

r~ 

p» 

p» 

»H 

r- 

■-H 

© 

^J 

^H 

O 

X 

X 

or 

m 

r- 

X 

X 

X 

X 

On 

JO 

c 

X 

X 

o 

CN 

If) 

-n 

c~ 

X 

3N 

X 

X 

X 

r~ 

X 

X 

CM 

X 

X 

X 

— < 

*— i 

CM 

-r 

X) 

X 

.Nl 

-r 

•* 

^4 

-n 

X 

— 1 

NO 

m 

O 

X 

ON 

CM 

r~ 

i-M 

^o 

CM 

o 

r~ 

-^ 

^H 

p» 

CM 

3 

m 

X 

o 

ON 

■^r 

X 

X 

X 

■on 

NO 

ON 

^r 

X 

X 

-^ 

-H 

X 

X 

CM 

or 

r-~ 

£ 

X 

--4 

x 

c^ 

J^ 

o 

'I' 

•* 

X) 

N 

<* 

— * 

O 

X) 

m 

X 

^r 

If) 

■ON 

X 

X 

X 

X 

X 

o 

P» 

on 

© 

© 

X 

*^ 

p~ 

X 

to- 

-r 

r- 

o 

r~ 

on 

o 

^ 

iT) 

iT) 

o 

^r 

4" 

f 

CM 

XI 

r-< 

.-* 

X 

r~- 

«-H 

X 

•^ 

m 

•on 

ON 

0"* 

p- 

^ 

CM 

CM 

o 

CM 

r~ 

CM 

r~ 

X 

^ 

x 

X 

r~ 

<*> 

rV 

X) 

P» 

t—( 

T-l 

X 

X 

r~ 

*? 

0> 

-r 

o> 

X 

■cr 

X 

r-~ 

X 

m 

X 

or 

X 

p» 

lfj 

t- 1 

—l 

ON 

CM 

nO 

•or 

X 

o 

o 

rn 

o 

r- 

X 

rn 

^H 

o 

O 

o 

O 

-H 

en 

X 

^ 

t 

JN 

X 

rr 

on 

^r 

r~- 

CM 

ON 

ON 

CM 

ON 

■^4 

ON 

"* 

X 

P~ 

X 

p~ 

X 

o 

on 

^J 

x 

p- 

O 

m 

c 

c^ 

CM 

X) 

X 

*-4 

-r 

p» 

o 

«* 

r~ 

^^ 

X 

ON 

m 

r- 

CM 

X 

i— t 

P^ 

CM 

ON 

X 

X 

4-1 

4-4 

on 

X 

© 

NO 

on 

4^ 

•or 

TT 

1/1 

n 

f) 

in 

XI 

D 

X 

r- 

r^ 

r— 

X 

X 

X 

JN 

J* 

ON 

o 

o 

^^ 

*^ 

~4 

CM 

on 

on 

^r 

X 

X 

p» 

X 

ON 

CM 

X 

3 

X 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

X 

X 

O 

X 

- 

<— < 

X 

o 

rn 

3^ 

— * 

-0 

„ 

<-! 

X) 

,>I 

t«« 

<r 

o 

X 

— < 

X 

■:» 

on 

•3* 

—i 

•n 

CN 

If) 

P» 

•c 

on 

CM 

X 

.M 

ON 

X 

X 

P» 

•^ 

^1 

—< 

CN 

x> 

-^ 

^r 

r> 

■n 

3 

Jl 

o 

re 

X 

X 

o 

If) 

o 

T 

CJ> 

c 

o 

on 

XI 

r~ 

X 

■^ 

^H 

r~ 

-n 

ON 

4-1 

or 

X 

X 

P~ 

s- 

r- 

r~ 

p» 

cm 

X) 

«* 

m 

JN 

^J- 

CO 

^n 

if) 

rn 

3 

— * 

X 

^r 

0> 

X 

X 

© 

X 

r» 

p~ 

*-- 

-n 

vO 

ON 

or 

P» 

-r 

X 

o 

.-n 

o 

T~ 

—4 

X 

X) 

m 

-r 

^n 

^ 

n 

If) 

N 

^-t 

r» 

X 

rc 

r— 

X 

r^ 

X 

^r 

p> 

X 

o 

X 

%i 

c 

CM. 

X 

X 

X 

X 

4— ( 

nO 

X) 

.%j 

p~ 

X 

•» 

x 

X 

X 

-* 

o 

ro 

S) 

-^ 

^^ 

CO 

T> 

X 

^r 

3 

■M 

CM 

X) 

X 

^-4 

X 

-n 

r^ 

^r 

ON 

— * 

X 

X 

X 

CM 

ON 

X 

'M 

CM 

on 

<or 

CM 

x 

CM 

3N 

ON 

-* 

r~ 

CN 

m 

on 

£> 

X 

^r 

o 

CM 

r~ 

^r 

CM 

m 

X 

CM 

m 

o 

on 

X 

X 

p» 

r-l 

X 

P- 

CM 

X 

OM 

ON 

^ 

p» 

3 

o 

>J 

3 

CM 

00 

r~ 

■m 

ON 

CM 

o 

<^r 

D 

m 

X 

-H 

-r 

r^ 

•-h 

r~ 

X 

■-r 

X 

-4 

X 

CM 

r~ 

X 

r- 

X 

or 

X 

CM 

X 

.on 

X 

X 

r^ 

TO 

x 

CM 

a^ 

r~ 

43 

<* 

^r 

=r 

^r 

f) 

p» 

C^ 

m 

r- 

CM 

3^ 

D 

X 

c 

X 

m 

ON 

ON 

<-* 

X 

X 

X) 

X 

f-4 

X 

ON 

rn 

on 

3 

On 

-H 

or 

r~- 

r^ 

~m 

J1 

x> 

— • 

-r 

r~ 

3 

m 

X 

o 

m 

r^ 

X 

•~r 

X 

CM 

X 

^-4 

X 

X 

D 

~H 

p» 

^r 

— 

© 

ON 

X 

X 

X 

I'M 

m 

T 

-r 

or 

■* 

n 

j-> 

if) 

■X 

X) 

X 

P- 

r* 

r^ 

X 

c 

X 

5^ 

JS 

ON 

D 

X 

*-4 

rt 

N 

>1 

on 

on 

or 

X 

nO 

X 

X 

X 

-H 

X 

o 

X 

X 

3 

3 

3 

D 

3 

c: 

3 

3 

3 

3 

X 

rx 

x 

X 

X 

X 

X 

»-t 

■^ 

«H 

<^ 

r-4 

r-* 

^^ 

4-4 

«— 4 

- 

— < 

*-* 

r— 

*— 

» 

.^J 

3 

on 

-r 

x 

3> 

n 

D 

n 

f*l 

X 

J> 

X 

•^r 

T 

[«. 

r- 

CM 

X 

X) 

O) 

ON 

X 

^r 

-n 

<* 

3 

X) 

_ 

~r 

— 

4-4 

X 

X 

"* 

-n 

"M 

CM 

D 

~4 

j> 

CM 

•^ 

r~ 

CM 

CM 

m 

3 

X) 

CM 

P~ 

m 

on 

X 

■z* 

^n 

CM 

nn 

X 

ON 

on 

X 

4— « 

X 

»-4 

vD 

0> 

nn 

X 

CM 

© 

or 

X 

nO 

3 

00 

© 

T 

CM 

*-< 

~- 

:n 

c 

—i 

x. 

JN 

3 

«* 

T 

cf 

-"- 

rn 

— . 

X 

<T 

3 

P» 

r- 

X 

XI 

r-l 

X 

^H 

X 

^ 

r- 

CM 

ON 

p» 

X 

T-4 

X 

CM 

c 

or 

r^ 

X 

D 

— > 

*— 1 

CO 

-O 

r^ 

nn 

CM 

X 

X 

X 

CM 

■H 

.—1 

X 

CM 

■=r 

X 

^n 

CM 

P" 

nn 

X 

r~ 

ON 

or 

r— 

•or 

r~ 

X 

O 

X 

X 

0> 

P» 

x 

o 

T 

3 

^1 

3> 

If) 

D 

rn 

Tf 

^n 

T-~ 

X 

on 

-T 

X 

P» 

P» 

X 

CN 

ON 

CM 

— < 

X 

on 

« 

CM 

m 

o> 

•^j 

3 

-r 

0^ 

X 

p- 

XI 

C* 

CM 

o 

n 

fNI 

en 

CM 

lD 

in 

X 

JN 

X 

^ 

— 

X 

X 

T 

ON 

P~ 

X 

<T 

4" 

if) 

ON 

rn 

O 

3 

3 

-^ 

m 

X 

X 

■x 

X 

X 

"n 

Xi 

X 

x 

m 

*-^ 

^r 

*-4 

nn 

o 

m 

CM 

X 

CM 

<* 

X 

'X 

p- 

^^ 

X 

— i 

--4 

r— ( 

^n 

^^ 

ON 

4* 

•CM 

nn 

4— t 

X 

X 

CM 

.on 

X) 

X 

3 

X 

cn 

ON 

£i 

■-r 

CN 

o 

Z7- 

CO 

X 

X 

CJS 

3 

m 

X 

o 

X 

tH 

a> 

r- 

X 

© 

<» 

O 

0^ 

X 

X 

vO 

— i 

on 

-n 

X 

X) 

-^ 

vO 

P- 

X 

X 

-- 

ro 

X 

CJN 

;ni 

r> 

T-~ 

o 

m 

X 

a> 

ro 

X 

3> 

-n 

X 

o 

-n 

p- 

— > 

c 

o 

X 

ON 

X 

o 

X 

nn 

© 

X 

r- 

X 

CM 

© 

—i 

XN. 

■*l 

or 

or 

•or 

■* 

'J") 

ji 

XI 

■D 

D 

X 

X 

p* 

r~ 

r~ 

X 

X 

9» 

o> 

ON 

O 

o 

"-1 

.— 1 

4— « 

CM 

on 

on 

or 

X 

ID 

X 

p» 

(T> 

—4 

■^" 

,%l 

O 

o 

c 

O 

o 

O 

o 

O 

o 

o 

o 

o 

O 

O 

o 

c 

o 

X 

o 

X 

^-t 

< 

X 

m 

CM 

m 

^-4 

^r 

3 

CM 

CM 

X 

n 

-r 

If) 

^H 

T 

•-< 

r-* 

vO 

© 

CM 

OM 

r~ 

X 

nn 

^J 

-N 

p» 

4—1 

^ 

X 

*-4 

on 

-r 

X 

•on 

4— 1 

X 

or 

G 

—4 

00 

-^ 

CO 

■n 

r~ 

^n 

^-t 

Nl 

X 

rn 

t-H 

0> 

X 

-r 

3> 

3 

ON 

ON 

^— « 

CM 

o 

X 

T 

X 

T 

X 

X 

X 

XI 

~ 

r- 

00 

© 

© 

O 

•o 

X> 

x 

nO 

u 

r- 

^^ 

IT) 

•-4 

JN 

r> 

o 

X 

5^ 

X 

m 

—4 

0^ 

r~ 

r— 

nn 

r- 

X 

Ls3 

X 

X 

o 

X 

7N 

o 

vO 

on 

ON 

X 

X 

-^ 

-n 

ON 

or 

X 

>— i 

•-« 

-r 

3 

—> 

_J 

o 

^ 

^J 

n 

-H 

•* 

o 

X 

r> 

on 

^^ 

X) 

x> 

^f 

rr 

X 

X) 

4-1 

^ 

CM 

c 

o~ 

nn 

ON 

<* 

on 

4— 1 

X 

x> 

X 

or 

^n: 

X 

O 

3 

in 

Ifl 

IT) 

-r 

~-i 

X 

>1 

v£ 

,"N 

CM 

CM 

r^ 

x> 

f~ 

if) 

* 

X 

vO 

X 

^ 

X 

.">! 

o 

© 

C£ 

4-1 

c 

CM 

-c 

X) 

CM 

ON 

P» 

T— 1 

X 

-o 

o 

ON 

~- 

m 

© 

ii 

•— < 

O 

X 

«-»• 

-=t 

p» 

*-~ 

r> 

■n 

r> 

<T 

D 

-r 

^* 

— * 

T— < 

.^J 

~-< 

o 

^j 

X 

nn 

ON 

< 

-n 

X 

—4 

£> 

X 

>J 

X) 

X 

CN 

o 

"M 

r* 

^1 

^J 

-n 

X 

< 

w 

•— i 

in 

m 

Eh 

m 

r~ 

-D 

p» 

on 

T 

o 

rsl 

o 

f) 

r~ 

r~ 

D 

-r 

•^r 

X 

o 

o> 

^- 

X 

T— I 

J> 

^h 

-n 

© 

X 

p» 

T— t 

X 

nn 

X 

CM 

X 

rsi 

© 

s; 

z 

— H 

r-~ 

-r 

■c 

-— 

X 

D 

^r 

r*l 

» 

%l 

%l 

-n 

* 

X 

JN 

~n 

X 

rT 

*-l 

© 

ON 

u 

•—• 

X 

o 

ON 

O 

X 

.on 

p~ 

X 

X 

X 

— . 

44 

rn 

X 

3 

O 

-j: 

X 

© 

nn 

x 

'X 

*■* 

-J- 

r- 

o 

rn 

X 

c* 

CM 

X 

X 

CM 

X 

a* 

on 

p~ 

o 

X 

ON 

rr 

X 

t 

0) 

if) 

4-4 

X 

X 

in 

X 

ON 

vX 

^ 

X 

i— i 

C£ 

0»> 

•* 

-r 

<T 

-r 

->• 

D 

n 

^ 

o 

O 

M3 

D 

~» 

r~ 

f~- 

00 

X 

X 

cn 

ON 

X 

•« 

X 

o 

— < 

r-t 

>4 

^1 

on 

-r 

r 

X 

X 

r» 

X 

© 

on 

o*l 

CO 

• 

• 

• 

F- 

• 

• 

• 

• 

• 

• 

• 

• 

• 

1 

• 

• 

• 

• 

• 

• 

1 

• 

fH 

• 

§ 

• 

• 

t 

• 

■ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

I-l    ON 

II 

x 

c 

© 

O 

3 

O 

3 

O 

o 

o 

z> 

o 

o 

O 

o 

o 

© 

© 

© 

o 

»-• 

o. 

'v 

-n 

X 

X 

a, 

O 

cc 

< 

-c 

U 

Q 

Cd 

Lb 

■J 

X 

l-l 

"3 

a£ 

_3 

'S. 

a 

a, 

o 

X. 

=t 

CD 

^ 

Q 

U3 

Cx. 

LC 

X 

OH 

"3 

N£ 

J3 

X 

O 

X 

X 

x; 
•* 
ion 

CM 

u 

131 


in 
in 

CM 

i 


Q 

+ 

t-H 

UJ 

H 

w 

H 

2 

v— ' 

UJ 

< 

O 

u 

3 

2   X 

l-l 

3 

CO 

X    UJ 

r-( 

3 

«* 

3    2 

< 

<C 

H 

H    Cxi 

J 

H 

UJ  O 

O 

1 

OS 

Q4 

+ 

CO 

X 

/-% 

3  o: 

UJ 

^-v 

/-N 

2    UJ 

Ei 

•— * 

<* 

<t    32 

•z. 

•-I 

in 

21 

t-t 

+ 

<N 

O  3 

M 

1 

X    2 

a 

*—> 

l-l 

[x2 

z 

Ctl 

y—t 

00   S 

< 

3 

U) 

o 

CO 

3 

O  Q 

a 

< 

CO 

en   2 

3 

H 

< 

•3) 

1 

E^ 

tO   X 

*: 

1 

tO 

o 

1 

3   U, 

o 

o 

/— \ 

<t  o 

3 

«-" 

CN 

*-^ 

3 

3 

-»- 

in 

UJ 

<N 

U3 

a 

1— 1 

in 

e*  u 

3 

r-> 

\-^ 

CN 

[j  z 

O 

33 

UJ 

1 

cO  UJ 

H 

< 

O 

3 

l-l 

3 

H 

(J 

3 

w 

-  3 

O 

•=t 

UJ 

Cd  UJ 

3 

X 

•~» 

H 

< 

3 

>  CO 

o 

o 

( — ' 

2; 

CO 

§ 

HH 

s-* 

U- 

• 

*- 

e> 

<c 

5-»  U3 

o 

3 

/— * 

H 

H 

■* 

ft   X 

• 

s 

in 

h-i 

to 

*— / 

z: 

tO  H 

o 

I 

CM 

* 

* 

3 

o 

X 

H 

1 

» 

/-N 

l-l 

x  3 

• 

* 

l-l 

• 

O 

l-l 

CO 

Z    2 

UJ 

a 

X 

H 

>-< 

II 

m 

* 

C   >-i 

J 

• 

a 

3 

x 

1 

X 

Z   > 

• 

Oi 

3 

• 

N_/ 

l0 

O 

O 

3 

X 

*-* 

3 

CO 

H 

I— 1 

II 

m 

• 

CO    UJ 

<£ 

CO 

1— I 

<« 

H-t 

II 

3 

X 

O 

fH    CO 

"T 

X 

X 

<r 

a 

— ' 

J~J 

o 

UJ 

UJ 

3 

II 

O 

-— ^ 

X 

'3 

3 

CO 

H 

II    3 

<t    X 

-H 

II 

H 

II 

3 

2j 

2: 

s:  x 

CO 

— 1 

U. 

<t 

a 

CO    i— I 

X 

3 

w 

X 

1— 1 

X 

M 

>- 

'3 

3 

CO   e-< 

3 

H-l    UJ 

C7N 

a 

3    Z 

H    3 

V2   3 

u. 

00 

z 

<    D 

UJ   3 

M 

M 

r^ 

<x 

'3  U 

X   UJ 

u,  x 

3 

X 

M   3 

in 

3 

o 

O   O 

cn  m 

u  u  u  u 


u  u  u 


u 


Thesis 

G444    Gillard 

c.l         Control  design  for 

an  unmanned,  untether- 
ed,  underwater  vehicle. 


1991}  77 


thesG444 

Control  system  design  for  an  unmanned,  u 


3  2768  002  02906  8 

DUDLEY  KNOX  LIBRARY 


.-.■:.;>••■,■ 


ESSmBL 

WrBb 


m 


